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PREFACE 

This book, like the others of the series, is intended to. 
supplement “the teacher’s lesswis, jlioJ to take their place-; 
and if it is used in this way, with the help of the sum- 
maries, it cannot fail to drive hoiSfe the ^xperiment^^l 
** teaching. ^ ^ c 

^ It does not prof^j^, as a text-book, to deal exhaustii^ely 
with ‘the subjects of which it treats. In each section a 
few simidc lessons have been chosen with t^ie object of 

C t 

leading up to a defirikd goal. 

clocif, spectacles and ^ther glasses, the mariner’s 
compass, the lightning conductor, forth, are all of 
them common things, which muslu set an intelligent bey 
rthinking; and the purpose of the lessons will be accoir- 
plisit^d if they become an incentive to the pupi\^o follow 
up the study of these interesting subjects, whose ttireshold 
they have crossed in this simple way. ^ 


fTAtl^CENTHAL UfSfWrr, 
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BOOK VII 


Lesson I 


Matter«in Motion 

Di?ring the course of these lessoii^ we hjive been led, 
step hy step, from a simple observation of the common 
^hiftgs aroimd us, to invegt^ate some of the wonderful 
phenomena which are con8tantjy*going on before our 
eyes ; afid we ^lave found that Nature ^^orks ii^ her 
own appointed • ^7 means of her own 

ipMinted agents, wlfch we call the J^atuval Forces. 

*t will now be our province tR enlarge the scope of 
those investigations, and to give a broader and ^epef 
view of some of tlie wonderful workings of Nature. 

You of course remember that we have one general 
uame^matter — for every kind of substance or material 
thing which exists in, on, and around our world ; and 
bnS of our earliest observations led ,us to discover that 
matter exists in three distinct states. We have solid 
matter, liquid matter, and gaseous matter. . , 

« Yoii know, too, that this is no, mere ^cident, but 
one of Nature’s provisions. All matter is made up of 
.molecules, and in a solid body these molecules are 
£ 
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•held together by a mutually attractive forc§ known as 
^cohesion. But for this wonderful force everything 
around us, even our own bodies, would fall away in 
an impalpable dust — nothing would hold togethei^ 

This force of cohesion is not so strhng in liquids as 
in solids ; hence tlie molecule's of a liquid have more 
freedom of movement, and thot liquid, is said to flow. 
There is no cohesion betweeai the molecules of a gas. 
They mutually repel each other. 

We become familiar wiWi th^ various forms of 
matter through one or moije of the five gateways of 
knowledge, or in other words throu^di ‘the five senseg 
, Some things appeal to us through the sense of sight, 
some through the sense of touch, some thrcAigh the 
sense* of taste, sonfe through the sense of smell, and 
some through the sense of hearing. 

By means of these chaniivk of observatfoii we Ifearp 
that all mattei' — sofitj^, liquid, and gaseous — possesses 
ccHgiii properties. For example, all ^matter occupies 
space, has more or less w^eight, offefs resistance, and 
transriflts motion, to other mattel.** ^ 

Let us for tlie present confine our attention to thj^ 
last^ro}>erty, and it will j>erhaps helj) you to under- 
stand what tliat means, if wq take a familiar illustra- 
tion from the footliall field. 

Picture the hall lying in the middle of thc«^play at 
the jcomiiieiicemcnt of the game. If it were not inter- 
fered with it would remain where it lies, for like* all 
other dead helplesu matter, it has no power of itself 
to moye. . It cannot move till gome outside influence 
acts upon it. , ' 

It is the outside influence of the kick-off that sends 
it ’spinning towards the goal. It is the outside iiiflu- 
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ence of tjje next kick, which changes the direction pt 
its movqpaent towards another part of the field. Here 
you see we have matter, in the foiin of the boy's foot, 
traiftmitting motion to the dead, helpless matter of the 
ball. • 

What do you say ? **Why does the ball come to a 
standstill at la^t ? » 






Yesj that is a very thoughtful ^question, and I will 
answer it. • 

* *The ball is brought to a standstill by the roughness 
of the ground, which offers resistafice to it, as it rolls 
along. This resistance, or friction as it is caJled, is 
afiothey outside influence — another# property of matter 
— but the effect of its action on the moving ball is to 
;stop its movefnent, and bring it to a standstill. 
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The same ball, rolling over a smooth even snriace 
of ice, would encounter less resistance — less firiction — 
and hence would travel farther, but ev^i that slight* 
resistance would be sufficient to bring it to rest at last. 

All outside intluence, whatever it^niay be, which 
causes one body to move, and stops another already in 
motion, we shall henceforth call«-force. , The particular 
force which sets the football* in motion is the boy’s 
bodily strength, and this is known as muscular force. 

Savage people of all ages have toiowii very little of 
any other force but their own bodily strength, and 
that of the animals they have beeft afde to subdue^ 
.But*there are many wonderful forces at work aroimd ^ 
'US, and civilised mail has learned, and is still Tbarning 
how t(5 adapt them^o his service. 

Just as the muscular force of the kick sets the ball 
in motion, or stops it when it is moving, so those, 
other forces act up’oK ajl bodies — all matter — in 
nat\iie, and produce similar results. Hence we speak 
of them as the Forces of Nature. ♦ , 

Let us take another illustration. You know (ha^ 
if you hold the ball out at arm’s length and let go, it^ 
falls ^ the ground. But why does it fall?. Ah! 1 
see you remember. It falls because the eartV itself 
possesses a wonderful attractive force called giuvity. 
All matter, if unsupported, falls to the ground, because 
the garth’s force of gravity attracts it. 

You see from this that gravity and cohesion ar(? 
both attractive fdl’ces ; but the force of gravity 
produces motion, while the attractive force of cohesion 
prevents it. c ^ ^ 

Just one more thought now, before we leave this 
subject. Suppose I give you a heavy weight instead * 
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of the ball to hold at arm’s length. You could ho^cf 
the ballrfor a considerable time, but as soon as you 
take the wei^it in your hand, you become conscious 
of a muscular strain. 

The fact is file earth’s force of gravity is attracting 
the object, but your owm muscular force is trying to 
resist the downward pull which gravity is ‘exerting. 
If the object is very heaVy, the force of gravity will 
quickly overcome your muscular force, the struggle 
will soon be over, add the'thing will fall to the ground. 



It is^ clear from this that gravity does not exert the 
same amount of force on all bodies. In other wprds 
^te*speak of the force with which gravity attracts a 
body as the weight of that body ; aifd we say the body 
is light or heavy in proportion to the force with ^hich 
g»fivity^ttr^.cts it. • 

Let me lastly point out that the eartj exerts the 
•same attractive force, whether the object is placed on 
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•not act upon all matter. We shall havg more to 
*say about this later on. ^ 

Let us take another simple experiment. I rub 
this glass rod with a piece of warmed silk, and •then 
bring the rubbed pnd near some scAps of paper on 
the table. The little bits paper instantly fly up 
towards the rod. 

Here again we have a* clear case of attraction. 
The rubbed glass attracts, or draws to itself, those light- 
substances, by means of a^wond^ful force which it 
possesses. 



^t us try it again with the other end of the rod, 
which has not been rubbed. There is no ^vement 
among the scraps of paper now, you see. HencQ it is 
clear that the attractive force, which first caused the 
moYenient, was not originally in the glass — it must 
have been produced by rubbing the rod with silk. * • 
This wonderM force — another of the Natural 
Force* — is known as electricity. It is closely allied 
to the other forcep — magnetism. We shall dtal with 
both of them more fully by and by. 

I think I have now made it clear to you thal? 
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cohesion, gravity, magnetism, and electricity are all hf 
them atti;^ctive forces. 

Suppose we pass on from this to consider some of 
NatuT-e’s other forces. 1 stand a flask of water over 
the Bunsen tfirner, 
and watch it till it ‘ • 
boils. What do,I see ? ^ 

Particles of water move 
’•upwards in a constant 
stream to the surfi^pe 
under the influence of 
tjie heat. * • * 

STe^ T am sure you 
are aH ‘ready to ex- 
plain the meaning of 
' this. The effect of 
Jjfiaf is to* overcome 
the force of coliesion. 

'nie molecules qf a body are driven apart undei»,^,he 
influence of heat,*" s^> that they occupy more space. 

• ^ the heated macules occupy •njore space than 
the rest, they are .relatively lighter, and are forced 
upwards Jjy the buoyancy of the liquid. 

Ilea/ is another of the Natural Forces, but unlike 
those ^ we have already considered, it exerts a repulsive, 
not an afttractive influence. 

We can see for ourselves this repulsive influeiice, 
aA the water in the flask receives the heat from the 
burner. We can see the result of ft too, if we hold a 
bladder, partly lilled with air, in front of tha) fire ; 
for as lAie air inside becomes expanded with the heat, 
it spreads out and fills the bladder. 

You no doubt remember our experiment with the 
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*brass iSali and the ring. We could not. Jit is true, 
^actually see the molecules of the brass ball ^jnove, but 
we know they must have moved, because the ballf 
after it was heated, was too big to pass through*' the 
ring. Its molecules had been drivefit apart by the 
repulsive* fdrce of heat. 

Heat, you reiy ember, travels 
from one body to another in 
straight lines. These lines of heat*’ 
we call mys, a^d we say that heat 
travels by radi.ation. 

The sun, fla? source of all ouy 
heat, warais the earth by radint¥)n ; 
but we must also remember that 
T/he solar rays give light as welf as 
heat, and this will naturally lead 
us to make some inquiry as to*thg^ 
ifliUire/)f the solar rays themselves. 

It is generally Relieved that the 
fiery orb of the s^iif is in a constant 
state of rapid vil oration among i^T particles; and^ha4 
the vast space between the sun and the earth is per-^ 
vada4 by an (extremely thin, impalpable flajtl, wliich, 
for want of a better name, has been called ethbr. 

The phenomenon of light is then accounted for in 
tliis way. ^ • 

‘^The vibration in the substance of the sun itself 
sets up a series of waves in the surrounding meditiift 
— this all - pervavb’ng ether; ajid the ether -waves 
travel^with a motion similar to that which would be 
produced, if one en^ of a long cord were tied toia po»t, 
and the other end were shaken or jerked up and down. 
^‘The ether- waves produced in this way travel with* 






THE FORCES OF NATURE 


15 


immense velocity, and when at last they strik^:on the^ 
retina of tTie eye, they j^ive rise to the sensation of lighl? 
^ “The immense velocity of these ether- waves is 
sliG^wi by the fact that some of tliem make no less 
than 727 million millions of vibrations every second, 
“Light therefore, as •tin influence capable of pro- 
ducing motion, is rightjy regarded as another of the 
Forces of Nature.” , 

r>ut let us continue our investigations. I strike 
this tuning fork on tjie table, and while it is sounding, I 
will bring it lightly in contact with this sheet of paper. 

The fork ii^ in ^tate of vibration ; little taps can 
6e distinctfy heard as it^ vibrates against the p€aj)er. 
•But ii 1 press the paper against the fork, the qiiiver- 
in^ceases, and so does the sound. * • ‘ 

If you strike the fork again, and while it is sound- 
ing •bring it into contact with your teeth, the vibra- 
UTons can be distinctly felt; ^Imt as soon as the 
vibrations cease, the sound ceases too. ' 

This sim])le Vxj^)erinicnt will be quite sufficient to 
jjrove that *suuiid is*Jlhe result of vt,bration, aifll that 
without vibration there can be no*soiind. 

You all know the eUcet of throwing a stone into a 
pond of^'^ater. That will hel]) you to form a good 
idea of the manner in which these sound vibrations 
are comijiunicated. 

The vibrations set up in the 'sounding body are 
coiMiiunicated to the air arouTid by a series of waves, 
which spread out in widening circles, in some such 
way as the circles spread in the water. ^ 

^ When these air- waves reach the ear, and strike on 
the nerve of hearing, they give rise to the sensation of 
^ownd. 
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^ Sound therefore is an influence which produces 
Siotion. It is another of the Forces of Nature. 

Summary of the Lesson 

1. Cohesion, gravity, inagiititism and elcctxicity are attractive 

forces. ^ ' < 

2. Heat expands bculies by driving its molecules lartlier 
apart. 

3. Heat is a cause of motion; It is, therefore, one of Nature’s 
foices. 

4. Light is conveyed through space . by the rajjid vibration 
of the ether-Avaves. 

5. It is a c;iuse ol' motion; and ^is therefore another of 
Nature’s forces. 

0. Sound is the result of viba*tion. i 

7. It is conveyed by a series of waves, which spread out in 
circleSr tlirough the aii. 


Lesson III 

The Builder’s Plummet 

We know that matter of all ifinds possesses weight, 
although some bodies have *more weight than others ; 
and, we have found that this jjroperty of weight is due 
to the force of gravity, which attracts all matter 
towards the earth. 

The weight of a body causes a downward pressure, 
wh^ch is in proportion to the force with which gravity 
attracts it, and if we represent the direction of -this 
downward pressu/e by a line, we say that the line is 
vertical or upright. 

No doubt you have all seen a plumb-line , or 
plummet, and you know that the builder uses the 
instrument to test the uprightness of his work. 
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He can see at a glance whether the wall he 
building ^is upright or not, because the cord of the 


plummet always hangs in 
a vertical or upri^dit line. 

And yet it is a very 
simple contrivance, for 
it Consists merely of a 
cord with a weiglit 
attached to one end, and 
every similarly-weighted 
cord hangs in^the saline 
Erection. , 

^ Tie^ a stone to the 
enci of a string, and set 
it swinging from side to 
side* Then if you let 
^ come to rest, you will 
find tliat it always re- 



turns to the sajtie posi- 
tion, with the strii^g hanging in a vertical line. ^ 



XCw hold the^^ cotd so as to allow 
the stone to dip into the water in 
this bowl, and you see at once-^that 
the surface of the water is at right 
angles to the vertical line of the hang- 
ing cord. a 

It would be exactly the same if 
we allowed the stone to dip down 
into a pond, a lal<e, or any other 
great body of water on any part df the 
earth’s surface. The downward pres- 
sure of the stone, owing to the attrac- 


tive force of gravity, would cause the cord to hang 


S. R. VII 
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iK a vertical line, and at right angles to the surface 
of the water. 

We say that the surface of the water forgis a* 
horizontal plane, and tliis is always at^ right angles to 
the vertical cord. * ,, 

We often use these two terms — horizontal and 
vertical. Let us see what they really ‘jiiean. 

With the help of the chalk, and a piece of string 
to act as a radius, draw on the blackboard or on a 



wall^ very large circle. Then fix upon some^point out- 
side the circle, and from it rule a straight line to the 
centre. Then from the spot where the line cuts the 
circle measure off e, small piece of the circumference, 
say half an inch on either side. ^ 

That done you will no doubt be very much sur- 
prised, if you place the edge of a straight ruler close 
up a^inst this small section of the circle, for you will 
find that this littlfe piece of the circle is as straight^as 
the ruler itself. 

Strange as it may seem, it is still perfectly true 
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that any gmall piece of the line, in any part of thp 
circumference, appears to be quite straight. 

• The fact is, the piece is so small compared with the 
size of the circle itself that we do not notice any 
roundness or cufve in it. 

Picture to yourselves,* as a further illustration, a 
great ball, say a yard ticross, and suppose we could 
cut away a piece of its sul’face about the size of a six- 
’*pence, just as we remove a piece of the shell from an 

egg- ‘ ' 



That l#ttlc piece of the round ball would li» flat 
on the table, for it would itself be quite flat. 

Now let us apply this to the great ball on which 
we live.* Our earth is 25,000 miles round, and at 
the^best we can see only a very small part of its 
surface at one time. The part of it which we see is 
like the little piece of the ball. It appears quite 
• flat, and this is particularly noticeable out of! the 
op*en sea, where there is nothing to ftbstruct the view, 
for there, on every side, stretches the same level, 
horizontal surface of water. ^ 



26 


THE BUILDER’S PLUMMET 


It is this apparent flatness of the earth’s surface, 
which makes it so difficult for young people to believe 
that they live on an immense ball. • 

Let us turn once more to our drawing on the 
board. That littlei section of the circle, which lies 
straight and even with the vu*ler, represents the level 
or horizontal surface of the ‘earth or water at 'any 
particular spot, and you kifow that the vertical line 
at right angles to it passes through tlie centre of the’* 
circle. * • 

Now imagine yourself •anyw^here you please on 
the earth’s surface with the plummet iri^your hand. 
Tlie plumb-line, of course, v^uld hang downwards,ffand^ 
in a vertical direction, and it is perfectly clear tlia^, if 
the line of that direction were continued, it must 
pass througli the centre of the earth. * 

I think you will now clearly understarfd that eve^ 

vertical line^at every tspot on the earth’s surface must, 

if ji^roduced, pass through its centre and that bodies 

hang and fall in a vertical line, bijcause the force of 
. • • 
gravity attracts tiieni to the earrti’s centre. c. 

This makes it quite clear that the centre of the 
earth is the centre of the earth’s force of gr^ity. 

SaMMARV OF THE LeSSON 

• 

1. Suspended bodidfe hang in a vertical line. 

2. A horizontal plane is at right angles to the verticjil^line 
of a plummet. 

3. The vertical Ifiie of the plummet, if jjroduced, would pass 

throng the centre of the earth. ^ 

4. The centre of the earth is the centre of its force of gravity. 
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Lesson IV 

Gravitation 

In our last lesson tli^ builder’s plummet made it 
clear that the centre of'tlie earth is the centre of the 
earth’s force of gravity. 

We are now in a position to cany our investigations 
a step farther, and with tfiat aim in view let us refer 
once more to the bal^ or stone suspended at the end of 
Iriie string. ^ 



When you hold tlie cord in your hand with the 
balFat the opposite end, it hangs in a vertical line; 
and you observe that if I cut the Cord through with 
,the scissors, the ball falls to the Hoor in the •same 
vestical line. • 

It falls in that direction because it is attracted by 
ttie force of gravity which acts from the centre of the 
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'earth. You have already seen that every vertical line, 
at every spot on the earth^s surface must, i^ produced, 
proceed direct to its centre. 

Of course you have heard the story of Sir Jsaac 
Newton and the falling apple. He hail, no doubt, seen 
many an apple fall from trees before, but on that 
occasion it set him tliinking. ^ 

He began by asking himself the question, “ Wliy 
did the apple fall to the ground, and not away from it ? 

This question, simple as it seems, led him on not 
only to investigate the eary:i’s force of gravity, but to 


• « 



discover, step by step, the nfiitual relation‘'which exiy^s 
between the earth, the sun, the moon, and tlie other 
heavenly bodies. • 

After many years of patipnPt experiment and 
research, he carne J^o the concrusion that ther« is* ^ 
universal force in Nature, by virtue of which every 



material body attracts every other material body, and 
this ^lrliversal force he called gravitation. 

He further discovered that the attraction betw^een 
any two bodies acts in a line joining their centres, and 
that the attraction exerted by each body is directly 
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;^oportioned to its mass, or in other words the greater# 
the mass f>f matter, the greater the attractive foroei 
which it ^possesses. 

• Now let us apply this to the suspended ball. 
You already know that the earth attracts the ball; 
but it is equafly impoisbant to neinember that the 
ball in its turn attracts * the earth, their mutually 
attrflctive forces •acting m a line joining their centres. 

The tendency of this mutual attraction is to cause 
the ball and the earth to move towards each other 
along this line. • 

But the rnaij^ of matter in the earth is immeasurably 
^'eater thai^ the mass of matter in the ball, and there- 
j'ore^the force with which the earth attracts the ball is 
imujeasurably greater than that, with which the ball 
attracts the earth. 

pence, if we say that the ball moves as much 
farther than* the earth, ai? the eaijbh’s mass is greater 
than the mass of the ball, we practically mean that 
the earth remains stationary, and only the ball indVes 
when the coird is cift., , 

Sir Isaac Newton* as I have already observed, did 
not stop here. He discovered that this force of 
gravitatioi# affects every material body throughout the 
universe ; and we are thus enabled to account for the 
movements of the earth and the other planets in their 
orbits round the sun. • 

The sun attracts the earth, and the earth in its 
turn attracts the sun, their mutuallj^ attractive forces 
acting in the line which joins their centres. 

• But the mass of matter in the sun is vastly gf eater 
thdn the mass of matter in the e'arth. Hence the 
attraction which the sun exerts on the earth is vastly 
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i greater than that wliich the earth exerts on the 
«guii. ^ 

For practical purposes, therefore, we niay fegard the 
sun as a stationary body, with the earth and the p^^nets 
moving round it, and the mutual attraction of gravita- 
tion between it and them ke^ips them in their regular 
paths or orbits. 

Newton was able at last to embolly the results of 
his investigations in three statements, and these he. 
called the Laws of Gravitation. 

They are : — ' 

1 . Every material body*^ in NfjturQ attracts every 
other material body at all distances. «• 

2. For the same distance the attractions bet^eei? 
bodies are directly proportioned to their masses. 

3. The intensity of this attraction varies inversely^ 

with the square of the distance. , 

The first and second oY these laws have alreatdj’’ 
been dealt ‘vvith. Let Us see what we can make of 
thf third. / 

Off'Course you know that the iscfuare of^any number 
is the product obtakied by multfplying that nuniber hy 
itself. Thus 4 = 2x2; 9 = 3x3; 100 = 10x10, 
and ‘therefore 4, 9, and 100 are respectively^he squares 
of 2, 3, and 10. 

You know, too, that when we turn a thing upside 
down, we are said* to invert it, as you do in Arith- 
metic when you invert a fraction. Thus when^it is 
inverted, becorneg, and we say is the inverse of 

Similarly 4, i.e. ^ becomes \ : 9, or ^ becomes ; 
and ‘'100, or becomes when inverted. So' 

that ’'are respectively the inverse of 'the 

squares of 2, 3, and 1 0. 
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* Now let US see what Newton’s third law reallf 

means. • •• 

It means that if the distance between two bodies 

* is doubled, the attraction of gravitation between 
them is only ^ of what it was ; if £lie distance is 
trebled, the attractive ^force is diminished to ^ of its 
original intensity ; and it it is increased 10 times, the 

attraction is oirly kVo*^^^ original. 

« 

Summary of the Lesson 

% • 

1. (iravilation is \]ie general name for the force hy which 
every niaterial I^kIv in Ijje universe attracts every other material 

%hocIy. ^ ^ 

'I'lie laws of gravitatioi are : • ^ 

(*) liivery material hody attrEK^ts every other material* 
))ody at all distances. 

(/?) For the same distance the attractions hetw^een )>odie8 
are directly ])ro])ortioned to their masses. 

(c) T*']e intensity of tj;iis attraction varies inversely with 
the square of the distance.* 

• ' • . Lesson V 

* • • 

The C'entee of (Suavity 

That^)all suspended at the end of the cord has 
helped us to form a edear conception of gravity and 
gra^dtation ; let us now see what further use we can 
make of it. • 

Take one end of the cord in your hand as before, 
and you know that the ball at the j^pposite end hangs 
in one constant position, because it is under the 
influence of gravity, which acts in a vertical lifle from 
ttie centre of the earth to the ceiitle of the ball. 

It is clear, then, that this vertical force of gravity 
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<cts in a direct line with the cord which supports the* 
for the cord is vertical too. c 

The fact is, this force of gravity, which lends to 
draw the ball downwards to the earth, is neutralised ‘ 
by the opposing upward pull or tension of the cord. 

In other words, thef two opposing forces hold each 
other ill check, and tlie ball i^ said to be in equilibrium. 

If I cut the cord I upset the equilibrium, and the 
force of gravity, being no longer held in check, has it 
all its own way, and the ball falls. 

Let us take another illustration of this. I balance 
a ball on one end of a stick, anc^ you Jcnow that the 
force of gravity acts upon it th^re as welh 
as in any other poi^tion. What prevents it ^ 
from falling to the earth ? * ^ 

The downward pull of gravity, acting 
through its centre, is neutralised in this 
case liy my muscukir force, which offers aii., 
upjvard resff?tar>ce at the top of the stick. 
Those two opposing forces l.old each other 
in check, and hence the^Wl in this position 
is said Co l^e in equilibAum. % ‘ * 

1 need scarcely remind you that every 
individual particle of matter in the ball h%i3 weight. 

In other words, every individual particle is pulled 
downwards by the force of gravity. 

The single force wliich acts througli tlie centre of the 
ball is simply the sum of all those individual attractions 
due to gravity. Hence the centre of the ball is saiS 
to be its centre of gravity, or that point through which 
the suYn of all those individual attractions must pass. • 
Imagine the ball cut througli its centre so as to 
make two hemispheres. Then, of course, exactly half 
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the matter of the ball would be on one side of th^ 
division, ^and half on the other side, and the attractiorft 
,due to gravity on the opposite sides of the ball must 
be equal. 

Hence the4)all itself rests in ^equilibrium, because 
these individual attractions balance each other on its 
centre — that is^ on its ^centre of gravity. 

You will perliaps understand tliis better if you 
•• place one of your fiat rulers on the point of an upright 
pencil, exactly six jnches*from either end. 



The r^ler remains at rest in tlie liorizontal position, 
without any tendency for either end to move, and we 
say it balances itself. 

'J'hat spot whicli rests on the tip of the pencil is 
its centre of gravity ; and all the individual attractions, 
wffich gravity is exerting upon every particle of matter 
in the ruler, balance on this one sp^t. 

If you try to balance a rough irregularly^shaped 
stone on the stick, you find it is, not so easily done. 
But the stone, as well as the ball and every other 
• material body, has its centre of gravity — that is, a 
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^oint through which the sum of all the mdividual 
attractions due to gravity must pass, and on which 
they all balance themselves. , 

This point is not so easily found in the rough Stone, 
for it is not in the q,ctual centre of ali bodies, as it is 
in the ball ; but a little patiaufte will find it, and a body 
always balances itself on its centre of gravity. 



Let us now proceed to find the centre of gravity 
of a few variously-sliaped objects. 

Suppose we commence with this circular# wooden 
disc, which I will suspend by a cord from some point 
near the circumference, eitlier l)y means of a clip, (ft n 
liole drilled througti it. 

As Jt hangs, the attraction of gravity will, of course, 
keep the supporting cord vertical, and if I rule a challv 
line across the disc in the direction of the cord itself, 
you know, from what we have already seen, tliat the* 
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centre of gravity of the disc must be somewhere in tlw>t 
vertical iiue. 

• We will now' suspend the disc from some other 
point, and in that position repeat the operation of 
drawing a vertical line ^cross it wnth the white chalk 
as before. That done, if is clear that the centre of 
gravity of the disc must be somewhere in this line, 
and hence as it is somewhere in both these lines, it 

• can only be at tlie point where they cross each other. 

This point, if te?5fced by actual measurement from the 
circumference Js fouiyl to be the true centre of the plate. 

• The di^ will readily balance on a pencil at this 
^poiftt, and if it is suspended by a cord from the same* 

poipt, it will remain at rest in the 
horizontal position. Hence we know 
that the centre of gravity of a 
• circular plate pf 
any kind is at* its 
actual centre. 

• ^ If we pass on 
frto this to d(jal * 
in a similar way with other regular 
figures, such as squares, oblongs, 
and triangular plates, we find that 
the point where the chalk lines 
cross is in evaiy case coincident 
with the actual centre of the plate. 
We can balance each one on its 

•j 

centre, and it will remain at rest 
or equilibrium in the lioriSontal 
position, because the centre of 
gravity in all circular, square, 
oT^long, or triangular plates is at their actual centres. 
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By suspending any irregularly-shaped plats of metal, 
slate, wood, or cardboard from different point* in the 
same way, we can always ^find * 
its centre of gravity, which will 
be wheive the ver?ical lines cross ; 
but that point when found will 
not be the actual centre, 'for 
such a figure has no proper 
geometrical centre. 

Now lastiy, suppose we had 
a nurfiber ^of thgise plates, of 
the same shape and* size, pilecK 
one upon another. The pil6 of, 
square plates would make* a 
solid cube, or a square prism. 
The circular plates would m^ke 
a solid cylinder. The oblong* 
Opiates would make a rectangular 
prisfn, and the triangular ones a trian^lar prism. 

It i% clear that, as the centre of,gfavity is in exactly 
the same spot in e% 3 h plate, thdSe spots will li* orifi * 
above another in the pile or column. That is to say, 
they will form a straight line from bottom 1% top. 

The central point of this line must be the middle 
plate of the pile, and that point, of course, is "the 
centre of gravity of •the whole solid mass. 

SU]\*MARY OF THE LeSSON 

1. When two or more forces, acting on a body bahinoe each • 

other, the body is said to be in equilibrium. • 

2. The centre of gravity of a body is that point, through 
which the sum of all the attractions due to gravity must pass. , 

, 3. A body will always balance itself on its centre of gravity. 
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4. The Centre of gravity of a circular, square, oblong, ^ 
triangulai^ plate is at the geometrical centre in each case. 

• 5. To find the centre of gravity of a solid block, imagine 

the block to consist of separate slices i>iled one on the other. 


Lesson VI 

. Equilibrium and the Centre of Gravity 

• a 

In our last lesson we had a few experiments in 
balancing certain .objects, and we learned that a body 
always balamces itself on ^ts centre of gravity. 



Let us continue our investigations, by endeavour- 
ing, in tfje same practical way, to* find the centre of 
gravity of this drawing-board. 

In the first place, you remember^ that to find the 
actual centre of the board we have only to draw 
the two diagonals, and the point where they cross is 
th6 centre. 

Now I will lay the board flat on the table, with 
those diagonals marked in coloured chalk on the 
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tilider side, nnd gradually move it towards* the edge 
till it overlaps and begins to sway. Then,* while it 
balances in this position, T will run a chalk line j-long* 
the under side, to mark where it rests on the edge of 
the table. 

That done, we will place it^in another position and 
repeat the operation by balancing it ohce more on the' 
edge, marking, as before, the line on which it balances’. 

if after this we turn the, board ^ over for inspection, 
we find that these newly-drawn lifies cross each other 
at the intersection of the diagcjnals* The board 
baltjnces on this point, which is therefore its centre ol 
gravity ; and we can find the centre of gravity of *anyf 
fiat p^ate in the same way, by balancing it in diffensnt 
positions on the edge of a table. 

Now })ush the board slowly forward, and you .will 
observe that it will remain at rest, as long as its centtfft 
of gravity ^is within the edge of the table, but 
imiliediately the centre of gravity is J";eyond the edge 
it will*fall over. 

Let us imagine number of these boards placecl 
one on the other to form a solid blo(ik. The centre of 
gravity of the pile thus formed, you renietliber, is in 
the centre of the middle board. 

It is clear that if a vertical line from this centre of 
gravity falls upon ‘the table, as the base of support, 
the pile will remain in e<|uilibrium. Lut if^the 
vertical line fall^ outside the edge of the table, the 
whole mass will topple over. 

Let us go a step farther. 1 wifi stand this bar of* 
soap on its end in the middle of the table. You ^i\\ 
easily understand that its centre of gravity is at the 
central point of the bar, and a vertical line from that 
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point tp tte table must fall within the base of suppoi’^ 
That explains why the bar in its present position 
stands erect — it is in equi- 
libriflm. 

Now observe what happens 
if T cut off a thin wedge-4ike 
slice from the Jower end of 
the bar, and try to stanrl it 
'on its new base. 

1 1 cannot be 1 made* to 
stand ; even when we support 
it, tlie column leaift over in a 
slanting position, and if •it is 
left to ftself it falls over at 
once. 

You will see the reason 
'this at •a glance, if !• hold a short weighted cord 
(a sort of plummet) from thp centre of gravity of the 
bar ; for the vei^ical line, as shown by this cord, Jails 
outside the base t)f support, and under these conditions 
ohere^can be no eqiiilibrium — the body, whatever it 
is, must fall. * 

No doi*bt you have read of the famous Leaning 
Tower of Pisa in Italy. This tower, which is 179 
feet J^igh, leans 1 3 feet out of the perpendicular ; but 
the vertical line from its centre qf gravity, as tested 
by the plummet, falls within its ]>ase of support, 
libf outside it. Hence the tower has stood firm 
for centuries, and is likely to stancf for centuries to 
come. • 

• Now if I place one end of the •drawing-board on 
some books, 1 make an inclined plane, and 1 want you 
to observe for yourselves what . happens, when I stand 
s. R. VII D 
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the square end of the bar of soap on this slanting 
surface. #v 

The bar, you see, leans in a slanting position, and' 
will not stand of itself. The reason will at once be 
clear, if 3'ou test, as before, with the plummet, for you 
will see that the vertical line from the centre of gravity 



falls outside the base of support, and in such a cafe 
there can be no equilibrium — the body mUst fall. 

Let us take as an illustration of this, a heavily- 
loaded cart on up hillside. Of course the base of 
support in this case is the ground between the two 
wheels. 
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The cfirt will travel safely, if the vertical line frou^ 
the centMB of gravity falls between the wheels. But if 



the vertical liiieV^iHs beyond the lower wheel, the “cart 
will be overturned. 


Summary ok the Lesson 

1. Tf the vertical line froni the centre of j^n-avity falls within 
the base of sn])port, the body will remain in e(|iulibrium. 

2 A headed cart will travel safely over an uneven, hilly 
road so loflg as the vertical line from the centre of gravity tails 
between the wheels. 


Lesson VII 

, Stable anp Unstable Equiltbuium 
We liave still a few things to learn in connection 

f ” 

with the centre of gravity, and we will commence the 
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operations with the help of this long narrow strip 
of wood. <» 

The oblong shape will at once suggest to you the 
position of its centre of gravity, for you know it must 
be in that spot where the Irwo diagonals cross each 
other. Suppose we draw the diagonals and mark the 
spot. ' 

You see I liave drilled a hole through the wood at 
one end, and I vdll fix it to this upright board by 
means of a ‘smooth French nail 
through tb^ hole.^^ 

Now observe what happen.^ 
when move it round, so a‘s to^ 
place it in an upright position, 
with the centre of gravity im- 
mediately above the nail, wliicdi 
forms "the point of suspension. < 
I can with care adjust it so 
that it will bala'iice itself oJi the 
point of suspension, but the slightest touch upsets the 
equilibrium, and it h\lls. 

You notice too that, in falling 
from its original position, it sways 
to and fro before it comes to 
rest. But when it is at rest the 
centre of gravity k below the 
point of suspension, not above it. 

If I move it ip either direc- 
tion from its present position, 
and then let go, it will return 
to rest or equilibrium each time, with the centre 6f 
gravity immediately below the point of suspension. 
Notice, too, that, when I set it swinging to the right 
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or left, the centre of gravity is raised ; but when if 
returns to equilibrium or rest, the centre of gravity is 
.ill the lowest position it can find. 

A body in this position is said to be in stable 
equilibrium. 

Let us place the stnp of wood once more in the 
opposite position, with Ahe centre of gravity above the 
})oint of suspension. • 

’• You observe that if 1 move it now to tlie right or 
left, the iiiovemeut«each tkne tends to lower the centre 
of gravity. The result of, this is that it at once seeks 
Jbhe lowest portion* it can find, and comes to rest, or 
staljle equiribriiim at last# 

• A b(Kly whose centre of gravity is above the point 
of "suspension will be upset at the slightest touch, and 
is said to be in unstable equilibrium. 

^ If you, test this for^ yourselves by suspending 
"different bodies from the end#oT a cord, you will 
find that the centre of gravitv in each case must be 
below the point# o£ suspension, when tlie body is in 
?quili]jrium. 

Let us leave these suspended Bodies now, and turn 
our atteiitic)!! once more to l)odies wliich rest on a- 
base. 

Take this cork and place it on the table, .and you 
know it will remain at rest, on its side or on either end. 
The reason for that is clear, for its centre of gravity 
is fti the middle of the line which joins the centres of 
its opposite ends, and the vertical liiA from this centre 
of gravity must fall within its b.ase of suppqi’t, in 
wjiatever position the cork is placed^ 

Now comp.are it with this other cork, which is 
loaded with lead at one end. I place this one with 
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its loaded end uppermost, aud it will stancj where it 
is, but the least touch will overturn it, and when once 
it moves it will not come to rest except on its leaden 
end. Every time T overturn it, the result i^ the 



same ; it will not return to equilibrium in any other 
position. 

I think you can now easily reason this all out for 
yourselves. 

Lead is much . heavier than cork, and hence the 
heavy lead added to one end of the cork lowers the 
centre of gravity of the whole. 
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The consequence is that when we overturn the^ 
loaded cork, we raise for the moment the centre ^ 
gravity ;*and then the cork, left to itself, takes the 
first •opportunity of returning to stable equilibrium, 
with the central of gravity again at^its lowest point. 

Now let me give you* gne or two familiar illustra- 
tioqs of this. ^ • 

Two carts are travelling along an unlevel road, the 



one loadad with hay, the other with blocks of stone, or 
pigs of lead. * 

• #The haycart is easily overturned, because its centre 
of gravity is very high; but the f)ther cart travels 
safely, because its load of stone or lead lowers the 
centre of gravity, and makes it morj stable. 

Then again picture a number of people in a rowing 
jjoat. As long as they keep their seats, the centre of 
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gravity of the whole remains in the lowest possible 
position, and all is well. But, as it so frequently 
happens, some of them get up suddenly, the centre of 
gravity is raised, and the boat is overturned. 

Summary of tiik Lesson 

]. The centre of gravity of a suspended hody must Inn 
below tlie point of suspension, if the l)ody is to Ixi in stal)le 
equilibriiiiu. 

2. AVhen a body is disturbed, its centre of gravity will always 
return to the lowest position it can find. 

3. The cork loaded with leacP will ^est only in one position. 

4 The lead, being heavier than the/ cork, lowers the ccntiv 

of gravity of the whole mass. 


Lesson VIII 

« iNElfTlA 

.1 want you once more to ])icture to yourselves the 
football field, with the ball lying oiuth^ ground between 
the two teams. < i ’ 

Of course it would remain exactly where it is 
for ever, if it were not acted upon by some outside 
influence, for it is dead helpless matter, and has no 
power in itself to move. 

But let us now go a step further. Try to move 
some heavy box by kicking it, as you would kick the 
football, and you find that the box actually resists the 
force of the kick. 

Sg- does the football, for we can feel the resistance 
when we kick iti; but in that case, the force of Uie 
kick is able to overcome the resistance, and the ball 
moves. ' 
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I carry^ you back to the football as a familiar 
illustratioi^ because it may be taken as a type of all*" 
matter in this respect, for one of the properties of 
mattei* is that it has no power in itself to move. Even 
when a body falk to the ground, it does not move by 
reason of any power of its* pwii. It is drawn to the 
earth, as you know, by the force of gravitation. 

A body at rest resists, any attempt that may be 
ifiade to move it. It will never move in fact until 
force overcomes thai resistance, and this you know 
for yourselves from every-dgiy observation. 

• So far then Ve a*e blear on one point — that a body, 
of it^own accord, never parses from a state of rest iijto 
S state of»molion. Now let us look into the converse 
of tFiis, and see how moving bodies are affected. ^ 

' Picture the football in motion from the force of 
thj^ kick. You know that after a time it begins to 
niove more and more slowly, and^^ft last comes to a 
stop. But you^must also remember that the ball, 
being dead he]pl«ss^matter, has no power in itself* to 
change^ its state from •rest to motion,, or from motion 
to rest. Why then does it stop? • 

You wiU have no difficulty in telling me that the 
ball, as it rolls along, is acted upon by three opposing 
forces — the resistance of the air, the resistance of the 
ground, aifd the attraction of gravity. It is the result 
of these opposing forces acting on* the dead helpless 
mTitter of the ball, which compels it to change its 
state from motion to rest ; and thh^ I think, will be 
sufficient to ])rove to you that the ball does not stop 
of^ts own accord. ^ 

A cricket field, as you know, is always kept well 
ifolled, to get rid of as much of the friction as possible, 
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^ because the ball will travel farther on a smooth surface 
^'^thau on a rough one. A billiard table for the same 
reason is frequently ironed to make it sfiiooth, ai?d 
the balls themselves are made of the smoothest ivory. 
You know too that your roller skates will carry you 
much farther on an asphalji'ffoad than on a rough one. 

These are simple every-day facts, but they .show 
you that the more those rosisting forces are removed, 
the farther the ball will travel, and we are led to infer 



that, if all the impeding forces of gravitation and 
resistance could be removed, ther6 is no reason why 
the ball, or any other dead helpless matter, once in 
motion, should ever stop. '* ' 

It would continue to move for ever, because such a 
body^has no power in itself to change its state from, 
motion to rest. j. , 

You are now clear, I think, on two important 
points, for you know that a body at rest will nev^r 
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move till force compels it, and a body once in motion 
will never, stop till force compels it. 

• This universal property of matter is known as 
inertia* and by virtue of it a body in a state of rest 
resists any attempts made to move it, and a body in 
motion resists any attempts made to bring it to a 
state jof rest. 

f 

Let us take, as another .familiar every-day illustra- 
tion of all this, a tramcar at rest on the rails. It 



cannot move of itself, and the tugging and straining of 
the horsed prove that it resists any change from rest 
to motion. The horses, however, overcome the resist- 
aifcf — the inertia — and the car moves on. 

It runs smoothly along the rails ^hen once it has 
, been set in motion, but it is clear that it now resists 
an^'^ change from motion to rest, Jor the driver, in 
order to bring it to a standstill, must aj)ply a brake to 
tjie wheels to overcome the inertia. 
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Summary of the Lesson < 

1. A body at rest resists any attempt made to Aiove it. 

2. A body in motion resists any attempt made to bring it to 
a state of rest. 

3. There is an inertia of rest, and an inertia of motion. 

4. Neither body can change its sthte till force has overcome 
this resistance. 


Lesson IX- 

More about 1'm.rtia" 

(I, 

O * ■ ' 

You clearly understand now that inertia is tlnU 
proj^erty by virtue of wliich matter resists all 
attempts to change its state, either from rest to 
motion, or from motion to rest. We ended up our 
last lesson with a 4’aniiliar illustration from a tramca'r, 
and of coui^e ])recisely tlie same thing happens with a 
ratlway train. 

Imagine yourself standing ug ni the carriage, when 
the train moves out of the station, and tell me from 
your own experience, what happens. 

What do you say ? The sudden start forward 
throws you backward ? Yes, you are quite right, 
and the reason is very simple. The motion of the 
train is first comhiunicated to your feet, and they 
are carried forward. But the rest of your body 
resists the suddeii change from rest to motion. Hence 
the upper part of the body is left behind, as it were ; 
in other words it is practically thrown backwards. 

Let us however picture to ourselves tlie same train 
at a later stage of the journey, when the driver applies 



MORE ABOUT INERTIA 


45 


Iiis powerfifl brake, and the train is brought to 
sudden stop. 

* Ahj r see you have had some experience in this. 
Yes, you are quite right. Tlie sudden stop throws 
you violently forwar^ ; hut what ‘is the cause of 
it all ? 



Your feet, resting on the carriage Hoor, stop 
suddenly with the train, hut your body resists the 
*sudden change from motion to rest. It continues its 
forward motion, and hence you are tlAown forward. 

I The same thing happens when a cyclist comes to a 
sudden stop, a horse at full gallop stumbles, and a boat 
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sailing to land suddenly touches the shore. The 
cyclist is thrown iHward over the handle-bars, the 
horseman is pitched over the horse’s head, and the 
people in the boat are thrown forward — and in each 
case the result is due to inertia^ 



The cycle, the horse, and the boat, which ^are 
moving rapidly forward, come to a sudden stop ; but 
the people themselves, who have been moving with 
them, resist the sudden change from motion to rest. 
They continue their own motion, and hence are thrown 
forward. 

I cannot leave this subject without giving you a 
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word of ad¥ice about alighting from tram-cars and 
railway caijiages in motion. Hi 
• You must remember that when a person jumps out 
of a railway carriage in motion, his body has still the 
forward movemeflt of th^ train, and it resists any 
sudden change from motion -to rest. 

But his feet coming Into sudden contact with the 
platform or ground, bring the lower part of his body 



to a standstill, and the result is that the man is 
thrown violently forward on his facn. 

If, on alighting, you turn your face in the direc- 
tion ^f the motion, and run along a fe;fr steps with the 
train, you will save yourself from a fall, for body and 
feet will thus gradually acquire the same velocity.* 

4t is because of the numeroui^ accidents that, 
passengers are always requested to wait till the train 
stfeps before attempting to alight. 
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While talking of railways, let ns glance for a 
moment at the clever contrivance by ^Jhich long- 
distance trains pick up water for their engine- boilers 
as they go along, for this is one of tlie practical appli- 



cations of inertia, and depends for its accomplishment 
on the inertia of still water. ^ * 

111 a certain part of the line a long channel or 
trough, 18 inches wide and 6 inches deep, runs inkU 
way between thf rails, and is kept filled with water, 
which of course is still, or in a state of rest. 

The locomotive tender contains a large tank, aid 
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leading fr(jm the upper part of tliis tank is a long hos^ 
which dips down in a slanting Mirection into the water 
channel or trough. 

The open mouth of the hose faces the direction in 
which the trail# is travelling, and gis it moves onward 
it is constantly scooping •up mouthfuls of water, so to 
speaJc. , • 

This water, b^ing at rest, resists at first the change 
•to a state of motion, and before it has time to acquire 



the forward motion of the train, more water is taken 
up by th^ scoop, only to act in a similar way. The 
result of this is that tlie inertia of tlie still water causes 
e£fch mouthful to force the one before it up the scoop, 
and so into the tank. * 

The method employed in great granaries for trans- 
porting tlie grain from one part oj the building to 
another is a most ingenious application of the inertia 
matter in motion, 

S. R. VII E 
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The essential part <)f the contrivance consists of a 
broad canvas band running on rollers, which revolve 
in opposite directions. Above the band is a shoots 
down which the grain is allowed to fall ; and the ‘'band, 
as it revolves, carries the grain along ivith it as far as 
the first roller. . ' 

But by this time the grair* itself jias acquired, the 
motion of the baud, and resisting any sudden change. 



continues its onward course by its own inertia • of 
motion, till it falls Into another shoot, down which if 
slides to meet a second revolving band, and be carried 
forward in a similar way. 

SUMMAUY OF TUE LESSON 

1. When a railway train starts suddenly, tlie passengers arc 
thrown Ijackward. 

2. When the train stops suddenly, they are thrown forward. 

3. Kail way trains q,re able to take up ^^ater for their engine- 
boilers as they go along, Ijecause of the inertia of rest in tlie 
water itself. 

4. Grain is conueyed from one part of a granary to another 
by the inertia of motion. 
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Lesson X 

•The Laws of Motion 

• 

Our recent investigations into the property of inertia 
have proved to us tliat a body at rest will never move 
• ’till force compels it, and that the same body, once in 
motion, will never atop till force compels it. 

You must also remember that all matter through- 
-out the uiji verse ft subject to these two rules, and 
th& you will readily understand why they are knt)wn 
as the L?-w of Inertia. 

Sir Isaac Newton, after many years of patient 
investigation and experiment, discovered the existence 
ot certain fixed and unaltetable laws, which govern the 
movements of matter every.wheiJ^. Thege he named 
the Laws of M«tion, and he took this law of in^.rtia 
as the First of Tiis^Laws of Motion, embodying it as 
follows : — Every iijaterial object remains in a state 
of rest, or of uniform motion in a straight line, until 
compelled by force to change that state.” 

Here we liave practically our two rules condensed 
into a single statement; but you should clearly under- 
stand what is meant by uniform n^otion. 

You know that the hands of a clock pass over 
eqiTal spaces in equal intervals of time ; and if you 
watch a revolving wheel, you wilf observe that it 
makes a certain number of revolutions in a certain 
time. 

This is exactly what we mean by uniform motion, 
and the regular step of soldiers marching to the strains 
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of their band gives uif another familiar illustration of 
the same thing. 

Force acting on matter then compels it to change 
its state from rest to motion, or from motion to"- rest ; 
but it often happens that two or morevforces act upon 
a body at the same time, and we must now pass on to 
consider this, for it will lead us up to, .Newton’s Second 
Law of Motion. 

Picture a boat broken away from its moorings, and 
adrift on a river. You know thau it will be carried 
down the stream by the force of the running water. 

Then imagine a boatman in another boat on a wid^» 
canal, where the water does* not flow in a stream, j’^ut 
is still. The man wants to get from one side of the 
canalt to a point on the other side exactly opposite, 
and he simply turns the head of his boat in the direc- 
tion of that point, and rows, straight acros.s. 

You will observe that, in each case, the boat is 
acted upon by a single force ; in one ,,it is the force of 
the stream, in the other it is the man’s muscailar force. 

NoW imagine that the same boatman wants j o cross 
a river to a spot exactly opposite his starting-point. 

Instead of rowing straight ac^ross, as be did in the 
canal, he turns his boat’s head against the stream, and 
rows up the river for some distance. Then he sets 
her head in the direction of the opposite shore, and 
rows straight across, and that will bring him to the 
spot he wishes to reach. ' ^ 

You will see at once that in this case there are 
two forces at work. The force of the running water . 
urges the boat (down the stream, and the mean’s 
muscular force is trying to propel it to the opposite 
bank. 
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Suppo^, ill the first place, *the man had not used 
his oars at all. Then it is clear that the force of the 
running water would have carried the boat a certain 
distafice down the stream. 

But suppose again t^^at the water had been still. 
In that case the boat would have been acted upon by 
the -oars only, and they would have propelled it a 
certain distance across the stream. 

Imagine the boat to have reached the point A in 
the river, and froiri that point measure off lines AD 
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force of the oars acting alone would have p>*opelled it 
from A to E. When, however, the two forces act 
together, the one carries the boat the full distance 
down the stream, while the other is propelling it the 
full distance across* the streai/i. * 

But it is clear that, no matter liow many forces act 
upon a body, it can only mov^ in one direction at' one 
time; and therefore the boat does not move in the 
(direction of either D or E, but midway between them, 
along the line AF. / 

This principle is known as^ the parallelogram of 
forces, and by it we can always'"’ find tjie direction. 

, which a body will take, wheli it is acted upon by^ two^ 
forces. We simply represent the direction of e,ach 
individual force by a straight line, and make the length 
of the line proportional to the force. Then, if we 
complete the parallelogram,' its diagonal wll mark tJie 
direction which the body will take from the combined 
action of both forces. 

It is important to bear in mind^ that, at the end of 
, any given time, the boat is as far down the stream as 
it would have been had it obeyed the impulse of tlie 
running water alone, and as far across th6 stream as 
it would have been had it been propelled by the oars 
in still water. 

This is the same as saying that each force has its 
full effect, and it will help ns to understand Newton’s 
Second Law of Motion, wliicli says that, “ if a body be 
acted upon by two or more foices at the same time, 
each force will produce its own elfect.” 

Now, lastly, leb us glance at the Third Law which 
says^that “ to every action there is always an equal 
and opposite reaction.” 
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You wjll readily understand this, if you roll a ball 
along a smooth table, so as tS make it strike against 
another ^all, for you observe that, while it communi- 
cates* motion to the second ball, its own motion is 
checked, as a ©result of the rel^ound, or reaction,' 
between the two bodies. * . 

The firing o^ a gui> gives a familiar and forcible 
illustration of this same thing. The explosive force 
•of the powder makes the projectile move forward igi 
one direction, but t^je reacirion of the projectile makes 
the gun itself rebound in. the opposite direction, and 
the gun is sai(f to Mcl?, or recoil. 

Xhe projectile itself, ♦being small in comparieon , 
*with th(f gun, moves through a great space in the ® 
forward direction, but the equal recoil or reaction 
carries the heavy mass of the gun itself backwards. 

€ • • 

Summary of the Lesson 

• • 

1. The law of •inertia is practically the same as Newton’s 
First Law of Motion.* 

2. 1^} says : “ Every ^naterial body remains in a *8tate of ^ 
rest, or of uinforin motion in a straight line, until compelled 
hy force to change that state.” 

3. A body moves with niiiform velocity, when it passes over 

equal spaces in equal intervals of tune. , 

4. By the pamllelogram of fou^es we can find tlie direction 
which a body will take when it is acted upon hy two forces. 

5. When a body is acted upon l)y twb or more forces at the 
sj^ny time, each force will have its own effect (Second Law). 

6. To every action there is always au^ equal and opposite 
reaction (Third Law). 
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Lesson XI < 

( 

Falling Bodies 

( 

• f 

We have already learned 'that unsupported bodies 
fall to the earth, because th^ earth’s force of gravity 
attracts matter of all kinds towards its centre. 

^ You remember too that in our last lesson we 
found that all bodies in motion nVove by certain fixed 
rules, which we call the Laws of Motion. 

Now, in this lesson it will be bur province to deal 
with falling bodies, and we^' shall learn that, during 
their movement towards the earth, such bbdies are 

c 

subject to certain fixed laws of their own, just as 
other moving bodies are subject to the Laws of 
Motion. , o 

Starting ,then frOm tlie well-known fact that all 
urisppported bodies fall to the earth we are at once 
reminded that some bodies are L'ghb, others heavy ; 
some are large and bulky, others csmall and compact. 

Then we naturally ask the question : Lo all fall- 
ing bodies reach the earth in the same time ? ” Let 
us see. 

I have here two sheets of foolsca]^ paper of exactly 
the same size and ^weight. One of them 'f roll up 
into a tight, compact ball, the other 1 leave spread 
out ; and then I let both fall from the same height fit 
the same instant. You observe that the rolled-up ball 
reaches the floor before the open sheet. 

Here again ate two leaden balls of exactly the 
same size and w^eight. 1 beat one of them out into a 
broad flat piece, but of course it is still the saind 



FALLING BODIES 


57 


weight as the ball. Now if I let both fall from the 
same height, and at the same ^instant, the ball would 
reach the ground first. 

Alf this leads us to believe that the weight of the 
falling body has^ nothing ,to do with the rate of its 
descent. Now let us go jf step farther. 

Sk Isaac Newton, to whom we ai*e indebted for all 
we know on these matters, discovered by a clever 
Experiment the laws^ which govern the 
movement of all falling bodies. 

He provided himself witli a glass tube 
\two yards in length, ^one end of it being 
closed, the other fitted witxi a brass stop- 
cock Tlfbn, after introducing into the 
. tube a variety of bodies, such Jis pieces of 
*lead, paper, and feathers, he exhausted 
Ui^ air frolic it by means of the air- 
pump, and closed the stop-cock.'* That 
done, he suddenlf?' inverted the tube, and 
all the bodies in i'l f(^ll from top to bottom 
in the aanie .time. 

Then lie let in some air through the 
stop-cock, atul again inverted the tube ; 
and this time the pieces of lead reached 
the bottom first, and the paper, feathers, 
and things* of that sort, fell later. 

Newton in this way proved that 
gra/ity acts upon all bodies alike, and 
that the weight of the body does not affect its fall ; 
the reason why one body takes longer to reach the 
ground than another being that it ^encounters more 
obstruction from the resistance of the air while it is 
filling. 
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This of course explains why, in our ^wn experi- 
ments, the open shee't of paper and thg flattened 
piece of lead took longer to fall than the round 
balls of paper and lead. The truth is, they offered 
more surface for; the resi/jtance of the air to act 
upon. • 

Newton, on making his discovery, formulated the 
first of the laws relating to falling bodies in these 
words : “ All bodies fall with equal rapidity when fre5 
from the resistance of the 'air.” / 

Now suppose we turn *our thoughts for a moment 
to the moving cricket -ball or Tootball.^ You knofiv 
that in each case the ball fs set in motion by a eingle 
impulse, and you also remember that, by*' the First 
Law. of Motion, such a body, but for the resistance 
it meets with, would travel onward with uniform' 
velocity for ever. Tliat is to say, in ^ne second it 
would travel .a certain distance, in the next exactly 
the same distance, and so on duringtthe next and the 
next for ever. r * 

Let us compare this with thej movemeqjb of sb falling 
body, and you wilf see that when a body falls it does 
not move towards the earth by the force? of a single 
impulse. 

It is being constantly pulled or drawn by gravi- 
tation, and the nearer it gets to the earth, the greater 
is the force which gravity exerts on it. Hence a 
falling body does not move with uniform velocityj" Gut 
with a constantly increasing velocity. 

Scientific men have discovered by means of 
repeated ^experinjents, that a body, which has h^eu 
falling for a second, has acquired a velocity of about 
32 feet; and the real meaning of this is that at tlie 
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end of the , second it would be falling at the rate of 
32 feet per second. 

• But the force of gravity does not stop with one 
impulsS ; it continues to act while the body is falling, 
and the same jf^tracting ^influence oWliich gives the 
body a velocity of 32 feet in one second, can do the 
same for the next, iind for every second during the fall. 

Hence the velocity at the end of the first second 
ft’ 3^ feet, at the end of the next 64 feet, at the end 
of the next 96 feet and so on, adding 32 feet for 
each second. 

• This discovery IM Newton to formulate another 
Law %s follows : — The veiocity acquired by a falling 
bod}^ is pr&portional to the time it has been falling.'' 

I want you now to carefully consider the next 
*step, for it will lead you to discover for yourselves the 
s^ti^e through which a body falls in any given time. 

We have already seen that the velocity ,pf a falling 
body at the end ^4' the first second is 32 feet; but 
when the body ]i6ga^i to fall it was at rest, and there- 
fore ha^l no velocity ,\t all. After once starting it 
gradually increases in S])eed till i^ moves at the rate 
of 32 feet a •second. 

Hence it is clear that, taking the whole second, its 
average velocity is 1 6 feet, or the half of 32 feet, and 
therefore tlTe body during the first second falls through 
a space of 16 feet. 

* fii continuing the fall for another second, the body 
commences with a velocity of 32 feet, and at the end 
of that second has reached a velocity of 64 feeit, so 
thaX the average velocity for that second is tfie half of 
32 + 64 = 48 feet. 

. In other words, it falls through 48 feet during that 
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second, and in the two seconds it has fajlen through 
16 + 48 = 64 feet of s^pace. ^ 

On tlie same reasoning it has a velocity of 64 feet 
at the commencement of the third second, and at the 
end of that pe^-iod it lips increai^ed its speed to 
64 + 32 = 96 feet. Therefore during that third second 
it falls through the half oP 64 + 96 = 80 feet, and 
through a space of 16 + 48 + 80 = 144 feet in the 
whole three seconds. 

Now, without going any farther, let us look at 
the figures for the three - seconds. During the first 
second it falls through 16 feef'^of space, during the 
next through 64 feet, and** during the third through 
144 feet. 

if we divide these figures — 16, 64, 144 — by 16 
(the space through which the body falls during the 
first second), wo get J*,4*9; and wo know that 
1 • 4 * 9 are respectively the scpiares of 1 • 2 * 3. 

It was from these figures that N^‘wton evolved his 
Tliird Law relating to falling bo(heS, and he put it in 
the following- words : — “ The space which a . falling 
body traverses is proportional to the square of the 
time it takes to fall.” * 

If you ask your teacher he will continue the calcu- 
lation on the blackboard, and you will then readily 
see from his figures that the space through which a 
body falls in any number of seconds increases as the 
squares of those seconds (1)‘“, (2)^ (3)”, (4)“, (5)^’(6)^ 
and so on. 


Su\:/iMi\uY OF THE Lesson 

1. Gravity acts upon all bodies alike. 

2. The weight of a body does not affect its fall. 
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3. One l)ody takes longer to resell the ground than another, 
because its fall is obstructed by the resistance of tlie air (First » 
Law). ^ 

•4. A falling body moves with a constantly increasing 
velocity.* 

5. The velocity ^jicquired by a falling Ixxiy is proportional 
to the time it lias been falling fSecond Lavf) 

6. The s]»ace which a falling* body traverses is proportional 
to the ^fpiare of the time it takes to fall (Third Law). 


Wesson XII 

» ^ ^ TfiE*' Pe^idulum 

* The peftdulum of a clock is really fi very wonder- 
ful contrivance, and as it depends for its worjciiig 
•upon several of the laws which we have recently been 
stinjying, it jvill be interesting and instructive to 
examine it now. 

It consists oj a round, lozenge- shaped piece of 
metal called the 4)ol^, suspended at the end of a long 
steel ro|j, the top of wjiich is fixed to a thin fihxible 
steel plate ; and you know that it moves from side 
to side with ta regular swinging motion. 

Any sort of weight suspended from a fixed point, 
so that it is free to swing, is really a pendulum ; but 
the lozenge-shaped bob is preferred to a round ball, 
because its sharp edge offers less resistance to the air 
as “itf swings. 

This ball and cord, wdiich we usefi in our earlier 
lessons, will help you to understand the working of the 
peiylulum. f 

If I fix one end of the cord to the gas-pipe, you 
kflow that the whole length of it will hang in a 
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vertical line with the ball at the other ^end, because 
the centre of gravity of the ball is then exactly below 
the point of suspension. 

You know too that in this position the ball 

‘/fx remaint/ at rest, because 

/ \ *’ 

/ \ , the attractive force of 

/ gravity is neutralised by 

/ \ the resistance of the cord. 

/ \ Now observe that each 

/ \ tin\?i it is moved aside 

/ from this position, so that 

the' cord is no longer 

^ k.---* vertical, the ball itself is 

raised ; and when it is 
let ,go, it falls back to its lowest point, like a ball 
rolling down a slope. 

But it does not stop ..when it reaches this Iqjvest 
point immediately*/ below the point of suspension. It 
continues its onward course up the corresponding 
slope on the other side. 

Ift fact, as it swings out of^.the vertical from side 
to side in this Wtiy, the ball describes the arc of a 
circle, and the extreme points of this arc are above 
the ball when it is at rest. 

If you call to mind our experiments with the 
suspended strip of wood, you will remember that, 
when the centre of gravity of a body is raised, it 
always takes the first opportunity of returning lo' its 
lowest point, wnich is immediately below the point of 
suspension, for in that position alone can the body 
rest in equilibriijjm. 

This is the whole secret of the real pendulum and 
ite regular swing. 
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If I touch the bob of the pendulum, so as to make 
it swing, I observe that when ft reaches the extreme " 
end of th% arc, it is 
raised, • like the sus-r / \ 

f \\ 

pended ball, aboii:e' the ^ / \ 

centre of gravity, and ** ^ 
the force of gravity / \ 

then compels it to fall / \ 

towards its lowest point. / 

But during ’ its fall ' / \ 

it acquires a certain 

velocity, so that whcrf' . K I 

it reaches Ss lowest 
]Joint it does not stop, 
because the inertia of 


•this acquired motion carries it onward in the same 
(lirgction, till,, it reaches point in the arc exactly 
opposite that from which it fell. -'Let us follow it in 
its movements hy^ means of tliis sketch. 

You will easily understand that, during its swing 
from it^ lowest point to N, gravity is exerting a retard- 
ing force on it, and is trying to puR it down ; and the 
result of this retarding force, due to gravity, is to cause 
the bob to move more and more slowly. 

When it reaches the point N it stops, because the 
inertia of motion has been overcome by the force of 
gravity and the resistance of the air, and here gravity 
compels it to fall once more, because it is raised above 
its lowest point. * 

The inertia it acquires in its fall carries it bajk to 
M,^but when it reaches that point, ^avity once more 
compels it to fall, and so it goes on. 

• This swinging movement of a pendulum from side 
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to side is called an oscillation, and no doubt you have 
alieady observed for*- yourselves that one pendulum 
oscillates more slowly than another. ^ 

Yes, you are quite right : the tick of the clock 
marks the rate at which the pendulum swings ; a long 
pendulum gives a slow .sclemn tick, a short one a 
sharper, more rapid tick. Ihit we will leave the tick 
for the present. 

Tt will be sufficient for our purpose to remember 
that by regulating the dength the pendulum, it 
is possible to make clocks which sliall tick at any 
rate we plea^sc. ‘ ^Toiir*’ teacher will «no 
doubt explain I this more fnlly to y(^.u. 

There is one point in connection with 
all this which we must notice here.* As 
the length of the pendulum has such ail 
important part to play in j*egulating^ the 
time qJ* the beats, and therefore the who*ie 
working of the clock, ^ it is absolutely 
necessary to prevent auy variation in its 
length, because the slightest alteration in 
the length of the pendulum has the effect 
of making the clock go faster, or slower. 

You remember that metals expand and 
lengthen with heat, and contract and 
shorten with cold. In hot weather the 
TrietaT rod of the pendulum is apt to 
become longer, and takes a longer tirt-i^to 
make its oscillation, so that the clock 
loses ; and in cold weather the reverse 
takes^ place and Jhe clock gains. ^ ^ 

^ See oqprespondiiig lesson in The Teacher n Manual, in which tjiis 
part of' thii subject is dealt with at length. 
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Hence jn clocks wliich are to be subjected to varia- 
tions of climate, a peculiar cofltrivauce, known as the 
gridiron pendulum, is used. In this there are several 
rods fnstead of one. The outer ones are made of 
steel, and are tittached ^to the tpp cross-bar; the 
shorter, inner ones are made of brass, and are attached 
to the bottom cross-bar. • 

I'he reason for this is evident. Brass expands 
•N^'ith heat more than steel; the steel rods can only 
ex])and downwards, Jind the brass ones upwards. 

In this way the expansions of the two metals are 
liiade to count(?raet %vffch other, and tlie pendulum is 
kept.at a constant length.* 

SUMMAllY OF THK LeSSON 

1. A iXMiduhiiii swings })y tli(‘ action of gravity. 

^ When it*ia moved from •(jnilibrium its centre of gravity 
IS raised. 

a. It taht*H the first o])]u)rtiniity to regain its lowest point. 

4. Tt falls hack ^)wards that ])oiiit, lik(‘ a hall rolling dT)wn 

a slope. • , 

5. Tke inertia of niotini c4iiTie.s it hejond that point and up 
the slope on the other side. 

G. (Travity. then asserts its ])ower, and causes it to fall once 
more. 

7. The gridiron ])enduhim is a contiivance for neuti’alising 
the con tract i.)ii and expansion of the metal rod. 


Lesson XIII 

Clocks 

It is an easy and natural step from the pendulum 
t& the clock, because the whole mechanism of the 
S. R. VII F 
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clock is governed by the pendulum. It will therefore 
be interesting and instructive now to examine the 
essential parts of an ordinary clock. 

But before we do so let me remind you' that, 
although the swinging pendulum, lilce the suspended 
ball, owes its start to the force of gravity, the same 
force of gravity tends to retard it and pull it back 
when, during its swing, it has passed its lowest point. 

Then too besides this retarding force of gravity, it 
has to contend, during its journey to and fro, against 
the resistance of the air. 

ijr 

ly’the suspended ball, 
after oscillating for a time, gradually comes to a stop, 
and hangs in the vertical position at the end of the 
cord. 

But the pendulum of the clock, when once it is set 
swinging, does not come to a stop ; it continues its 
oscillations jn regular rythmic order. 

Why is this ? 

The lieavy weight wliich hangr. at’ the end of this 
cord will best answer that question, for it is another 
essential part of the clock. 

The pendulum, you see, is swinging, and the clock 
is going regularly now ; but observe what happens 
when I remove the weight from the cord. 

As soon as this^ is done, the pendulum' begins to 
shorten its swing from side to side, and at last it 
comes to rest in the vertical position, and then the 
clock stops. 

Kow note what happens when I attach the weight 
to the cord again,^ and give the pendulum a touche to 
set it im. motion. The pendulum resumes its usual 
swing, and the clock starts working as before. 
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This is* quite sufficient to prove that the weighty, 
by some means or other, is at)le to counteract those 
opposing forces of gravity and resist- 
ance, *so as to make them powerless 
to stop the pefldulum. J.et us seye 
how this is brought about.* 

Without troubling yotirselves very 
much about the intricacies of the 
’wheel- work, you can easily unravel 
the whole mystery ty examining the 
pendulum and^ its connection with 
rtie weight. ^ * 

^ in the first place, * then, you 
ob^rve that the pendulum rod itself 
passes between the two prongs of a 
horizontal fork, and that this fork 
^fowns part ©f a vertical »od, which 
in its turn is fixed at it^ up^er 
extremity to a ]t^)rizontal axis. 

You will re^dil^^ see, from this 
arrangwnent of the jiarts, that every 
swing of the pendulum must set in 
motion the fork, the upright rod 
to which it is fixed, and the horizontal axis above. 

Then next you will observe that to one end of the 
horizontal axis is attached a flat ^iece of brass-work, 
having a projecting sort of tooth at each of its 
extremities. This is known as the^ escapement, and 
the projecting tooth or pallet at each end fits exactly 
into the spaces between tlie teeth or cogs of a«wheel 
— »the escapement wheel — immediately below it. 

This escapement wheel is connected by aifthain of 
smaller cog-wheels with a barrel or drum, and round 




68 


CLOCKS 


this drum is coiled the cord which supports the 
weight. 

The weight is the actual moving power of the 



wliole contrivance, for the force 
of gravity con^pels it to descend, 
and ' as it descends it causes 
the (hum or barrel to revolve. 
But the revolving barrel trans- 
mits its motion to the escape- 
miant wheel, causing that also 
to revolve, and in this way 
the weight is ma^de to act on 
the‘*pendulum. ,t 

This description of the ^ two 


essential parts should make the whole mechanism of 


the clock perfectly clear. 

In the first place the 
swing of thp penduiuiii com- 
municates its motion to the 
fork, and so to the rod and 
the horizontal axis at the toi). 

Then the movement of 
this axis causes the escape- 
ment to work up and down ; 
and at each movement the 
projecting tooth or pallet of 
the escayiement fits into one 
of the spaces in the escape- 
ment wheel on that side, with 
a little clicking sound, which 
is spoken of as 'the tick of 
the cloA. 



This checks the movement given to that wheel ty 
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the descending weight, until the pallet is raised on the 
return swing of the pendulum .• 

Then Sts the esccapement wheel is released, it gives 
the pallet a slight push, and so conveys a new impulse 
to the peiidulmrn, thus ^counteracting the retarding 
inllueiices, and keeping pendulum swinging at a 
uniform rate. • 

It is clear that if the escapement wheel has sixty 
•teeth or cogs in its circumference, it will make one 
revolution for every^ sixty heats of the pendulum ; and 
therefore if the pendulum beats seconds, the wheel will 
ta,ke sixty se^ondsf 1:>r one minute, to make its 
revojution. * • , 

* All that is then necessary is, to fix a hand to the ‘ 
axi^ of tliis wheel, so that wheel and hand .move 
' together, and we are at once able to mark tlie seconds 
as^they ])ass^ for this of cjurse is the seconds hand of 
*the clock. • 

The rest is easy, for the other wheels of the clock 
are connected with^this — tlie teeth of one wheel fit- 
ting iijfo the spaces between the teeth of anotlftjr. 

The teeth of tlie wheel whiclf carries the minute 
hand are so proportioned that, they move their wheel 
sixty times more slowly than that which carries the 
seconds hand. 

Henccftliis wheel takes sixty minutes to make its 
complete revolution, and a hand fixed to its axis will 
po^it out the minutes as they pass.’ It is the ininute 
liaiid of the clock. • 

The hour hand, in like manner, is fixed to the axis 
of another toothed wheel, whose te%th are so propor- 
tioned as to make it revolve twelve times mojre slowly 
than the last. 
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Summary of the Lesson 

1. Gravity is a moving force, while the pendulW.ii is falling 
down the slope towards the lowest point. 

2. It becomes a retarding force as soon as the pendulum has 

passed the lowest point. ^ 

3. Tlie pendulum in its mov/^ments has to contend against 
this retai’ding force, and against the resistance of the air. 

4. The weight is attached to a drum or barrel, which is con- 
nected with the escapement wheel for the j^urjDOse of counter- 
acting this resistance. 


Lesson XIV 

Light — Its Nature and riioPAGATioN 

We have already had sonxetliing to say aJjoul lightiis 
one of the Natural Forces, and you of course remember 
that it is the result of vibrations. TUe sun itself, the 
main source of all our light, is supposed to be in a 
state 01 rapid vibration among its particles, ai£.d this 
vibration is conveyed to the surrounding ether, and 
travels through it in waves. 

Our next step will be to inquire into the nature 
and propagation of light. 

What do you say? Sound is also the" result of 
vibration ? 

Yes, you are quite right; but there is a distilict 
difference between the two forces — light and sound — 
and tfcis I will at once make plain to you with the 
help of the air-pump. 

I have fixed a small bell to the roof of the receiver 
by means of a thread and some sealing-wax, and if I 
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give it a shake I can set the bell ringing. Now, if 
I exhaust the air in the usufil way, and tlien shak 6 
the receiver again, you observe that although the 
hammer strikes the bell there is scarcely any sound. 
Indeed, if I cfiuld exhaust all the air, there would 
be no sound at all. • . 

You can see the bejl as’ clearly now as you did 
before the air was exhausted, but you get no sound. 
Hence it is plain that sound requires air for its 
propagation, but ligjit does.not require air. 



Now let us pass on to inquire what this light is, 
and what it does. 

You can see distinctly everything around you here, 
but if I took you into a dark cellar, every object in 
it would l>e invisible; and this is sufficient to prove 
that light is the external agent, which produces in 
us *1116 sensation of vision, and that without light there 
could be no vision. • 

This candle flame, you observe, is in a state of 
vibration ; so too is this red-hot poker, which 1 have 
just taken out of tlie fire. These vibrations are 
tonveyed through the surrounding ether in waves, 
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which at last strike on the retina of the eye, and 
fenable us to see the caAdle and the poker. 

We could see them in the darkest cellar, because 
they are self-luminous. But the great majority of 
objects are nob self-luminous, and lienee they are 
invisible in the dark. Ev/^n when we do see them, 
they become visible not by avy light of their own, but 
by the light wliich emanates from luminous bodies. 

If you hold a slate in front of the candle, the light- 
from the flame cannot pass through it, and hence the 
candle is no longer visible to you. 

Most bodies, as you know,^ s^^ich is wood, stone, 
mej^als, and so forth, are like the slate, and wil] not 
allow light to pass through them. They are said to 
be opjnpie. ^ 

But if you substitute a sheet of clear glass or a 
tumbler of water for the ^slate, the caydle will J!)e 
distinctly visible, far water and glass allow light to* 
pass through them, and we say they m*e transparent. 

A sheet of oiled j)a])er, a pane yf ground glass, and 
a piece of tliin porcelain would^ allow some l^ght to 
pass through them* but nut suflicient to enable us 
to distinguish the candle itself, and we call them 
translucent bodies. 

Any substance through which light can pass is 
said to be a medium. Jlence glass is a mdilium, and 
so is water. So also is the air itself, as well as the 
all-pervading ether which Alls the boundless space 
beyond the coniines of our atmosphere, for light 
travels through them from the sun to us. 

I have liere two sheets of card-board, which of 
course is an opaque substance, and you see I have 
bored a small hole through each of them. I will 
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stand botli^ now in front of the candle in such a 
position as will leave the twd holes in a line with 
the flarne. ^ 

If you look through the hole in the second screen, 
you will see the^ flame distinctly, hpcause it is in a 
direct line with both hofes. But if 1 move either 
screen ever so slightly to»the right or left, you cannot 
see the flame, for it is no longer in a line with the 
l*Wo holes. 



The flame is still sending o\it fts vibrations, for it 
can be distinctly seen through the hole in the other 
screen. The light passes tlirough that hole in a 
direct line, but on reaching the second screen it falls 
on tlie carcf- board itself, and not oi^ the hole ; and as 
card-board is not a medium but an opaque body, the 
ligljf will not pass through it. Hence the flame of 
the candle is not seen by a person tooking through 
the hole in the second screen. • 

,lhe result would be precisely fhe same if we 
moved the candle instead of the screen, for the flame 
would not be in a direct line with the two holes, and 
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the person looking through them would ^not see it, 
because light travels ill straight lines. 

If I stand a number of boys in a circle round the 
candle, the flame is distinctly visible to all, whatever 
position they m§.y occupy^ and thin proves that a 
luminous body sends out ligiit in every direction. 

You remember, of course, «that in one of our lessons 
on heat we hung a red-hot ball in the midst of a group 
of Boys, and it was clearly proved that the heated ball 
sent out heat in straight, lines, a^d in every direction. 
L)o you remember what name we give to those lines 
of heat ? * ^ 

» Ah ! I thought you w6ald remember that. ^ Yes, 
we call them rays of heat, and we say that the hedt 
passes away from the ball by radiation. In * like 
manner light passes from luminous bodies by radiation,* 
and the lines of light wljich emanate ^roni then^are 
called rays^ of liglite 

A collection or bundle of rays froyi the same source 
is called a pencil of light. If tl^e I’R-ys which compose 
the pencil are all parallel, they are said t(^. form a 
parallel pencil ; bUt if they Y)roceed from a point and 
separate from each other, they form a divergent pencil ; 
and if they converge to the same point they are said 
to form a convergent pencil. 

Summary of the Lesson. ^ 

1. Light is the external agent which produces in us the 
sensfi^tion of vision. 

2. Light is they result of vibrations in the thin impalpable 

fluid called ether. ' 

3. These vibrations travel through the ether in waves. ^ 

4. Self-luminous bctdies are in a state of rapid vibratioUi 
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5. Non-liiminous bodies become visible l)y the light which 

emanates froifi luminous bodies. , ' 

6. Any body through which light can pass is said to be a 
medium. 

7. Mght travels in straight lines. 

8. Tiiese straigl^. lines are called rays of light, and a bundle 
of rays is called a pencil of lig^^t. 


Lesson XV 

LkVht an]5 Shade 

^ Our investigations ®chus far into the nature and 
propagation of light have"® shown us that a luminous 
Ifbdy seiids out light in every direction, and that this 
light* is conveyed by the vibrating ether waveis in 
•straight lines or rays, so that in this respect the 
radiation of light resembles j^he radiation of heat. 

• Now, before we i)roceed fixrtliei^ let me give you 
a few startling fa^ts in connection with light and its 
l)i’opagation. ^ 

We ^have alread}^ had occasion to notice the 
marvellous rapidity with which ^the ether waves 
I vibrate, and you know from your own experience 
tliat there is nothing in Nature to compare for 
swiftness with a flash of lightnin<^ Each flash comes 
so suddenly that there is practically no interval of 
time between its actual occurrence and its perception 
by tke eye. 

Light travels at the enormous rtfte of 185,000 
miles a second, and such a distance, remember, wpuld 
^measure nearly 74 times round our eatth. 

A cannon ball fired from one of our great guns 
indves with immense velocity, but it would take more 
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than 17 years to travel from tlie earth ^to the fiun. 
Think of this, and thefi compare it with a ray of light, 
whicli travels the same distance in 8 fiiinutes 18 
seconds. * 

Wlieii I t(dl,you that, the neai!^.st of the fixed 
stars is 206,205 times the sun’s distance from us, 
and that the light which we see from it, although 
it travels at the rate of 185,000 miles every second, 
has taken years to reach us, you will perhaps form 
some idea of the immensity of tl^fe universe. 

But there are some stars whose light, travelling 




at the same rate, has taken tl/oiutands of years to 
reach" this earth. Think of it, / say. # 

You already k'now that the rays of light always 
travel in straight lines. T will now show you a little 
experiment, which you can easily perform for your- 
selves at home, to prove this. 

I have here a round tin canister from which tlie 
lid has heen removed, and you see 1 have bored a 
small hole in the centre of the opjiosite end. ’ You 
also see that the ii]side is blackened ; 1 luive smeared 
it Wcith some of this lainj) black. 

Here I havd too a card-board lube which fits cinto 
it exactly, and one end of this is covered with a cap 
of tracing paper. 
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I will push this end into the open end of the 
canister, and then when I place a lighted candle in 
front of the pinhole at the opposite 
end, we shall get an inverted image 
of it on the tracftig-paper ^.ap. 

The explanation is vely simple 
after -all, and perhaps th(3 drawing 
below will make it simpler still. 

• In the first place you must remember that rays of 
light from the candVc are ^ent out in all directions. 
Consequently a large number of these rays fall on the 
rmnid end of^the canfeter. But the canister is opaque, 
iuid no rays can pass thft)ugh it, except in the one 
spot^ where the pin-hole is bored. 

Let us trace the particular ray which proceeds 
*from A, the topmost point of the flame, to the pin- 
holi. 'Jliat liay passes through the hole, and falls on 
tlie screen at A'. 



fhe point A' on the screen is the image of the 
point A at the top of tlie flame, rtimifarly, if we trace 
the ray from B, it will, after passing through the,pin- 
hol®, form an image B^ on the screen, ®and cannot foiin 
any other. 

Indeed, every ray from every point in the candle 
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^ between A and B, after passing through tl^e hole, must 
have its image between A' and B', and in this way an 
inverted image is formed, because light can^'only travel 
in straight lines. 

Let us now pass on tp considet^ another result, 
which follows naturally frolii these special character- 
istics of light. ‘ 

I hold this large ball in front of the candle-flame, 
and you know that rays of light from the flame fall 
upon the ball, but cannot*' penetr^ite it, because it is an 



You also observe that one half of the ball is lighted 
up, and the other half in darkness, and that the space 
immediately behind the ball is also in darkness. 

That dark space is called the shadow, and it is dark^ 
simply because th,e rays of light from the bandle-flamc 
can only travel in straight lines. 

If I fix this sheet of white paper on the wall, T can 
catch the shadow of the ball on it, and that will help 
youtto understand how it is formed. 

The candle-fiame is small compared with the^size 
of the ball ; indeed, we may regard it as a luminous 
point, from which a divergent pencil of rays falls upon 
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the side of the ball facing it, leaving the other side in^ 
darkness. 

It is ecisy to see that the figure thus formed must 
be a c8ne, whose apex is the luminous point ; and the 
base of the coilb is the circular dark patch on the 
screen, or in other words “tlie shadow which the ball 
casts.- 

I want you to note also that this shadow on the 
Screen is sharply defined, and of equal darkness 



tliroughout. That is always the case when tlie source 
* of light is small. 

We will now substitute the lamp for the candle, 
^and I need scarcely point out that the source of light 
which it provides is much larger, than that of the 
candle-tlame. 

f can catcli the shadow of the ball^which tlie lamp 
casts on the screen, as easily as I caught the other, 
but you observe that this time the dark circular patch 
is 4 ot equally dark throughout. ^ 

^ The inner part of the circle is very dark, but this 
is surrounded by a ring, which is only in partial 
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shadow. The very dark patch in the inid^ile is called 
the umbra, the outer ‘'ring of partial shadow is the 
penumbra, and the two distinct sliadows ^ ^are always 
formed when the source of light is large. 

SUMMAliY OF'1'HE LesSON 

1. Light travels at the rate of 18.5,000 miles a second. 

2. A ray of light from the snii reaches the earth in 8 minutes 
18 seconds. 

3. The light from sotne of -Gie fixed «tars has taken thousfinds 
of 3 ’ears t.o reach us. 

4. The pin-hole image of the^i^idle appears on the screen 

in an inverted position, becaust* light e.an travel only in straight 
lilies. ' 

5. Ojiacpie luxlies east shadows, hecaust* light cannot ])enetra'ie 
them. 

6? The dark patch in the centre of a shadow' is called the 
umbra. 

7. The outei* ling of ])artial shadow is the penumbia. , 


Lesson XVi 

Eeflection of Li(;ht 

Let us commence to - day with a few simple 
experiments. , 

I place the lighted candle on the table, and stand 
a square of clear glass near it, in such a position as to 
enable 3^ou to see on both sides of the glass at'^once. 
Light, of course, is being radiated from the flame in 
every direction, and some of the rays must fall on the 
surface of the gltiss. Glass, you know, is a transparent 

’ Thi.s is more fully explained in the corresponding Teacher's 
Manual. ' ^ 
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medium, and therefore those rays pass through it, and 
light up the things behind it. • 

I will ilbw substitute this sheet of polished tin for 
the glafts, and you observe that none of the rays pass 
throng! i that, bocause tiii^is an opaque body. The 
space behind the tin is in dg.rk shadoV. 

Wjiat becomes of the. rays of light, which fall on 
the polished surface of the tin then ? Ah ! I see you 
have caught sight of the bright patch of light on the 
opposite wall, and that will answer the question. 



When a ray of light falls on a polished surface 
which it cannot penetrate, it is not lost or destroyed ; 
it is thrown back in a new direction. This is known 
as rellection of light, and the body*whicli reflects the 
lighir is termed a reflector. You remember that the 
heat rays from the fire are thrown Ijack, or reflected, 
from the polished surfaces of the fender and fire-irons. 

The light from our candle then,, after falling on the 
polished tin, is thrown back, or reflected, and appears 
in a bright patch on the opposite wall. All polished 
S. B. Vli G f 
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metals are good reflectors, but tbe best are the white 
‘ silvery ones. - 

Here is a ])late of ordinary looking-glassv See how 
brightly it reflects the light from the flame. ' It is 
simply a sheet of glass with a metallic coating of tin 
and mercury on the back. » 

It is the wliite metallic lustre on the back, and not 
the glass itself, which does the work of reflection. The 
glass is for the purpose of giving the metal a still 



more highly polished surface. It improves the reflec- 
tion, but is not the cause of it. 

Now let me lefer you to our lessons on heat, and 
you will no doubt remember that the heat-iays from 
any source of heao are ab.sorbed, or reflected, by diffeieut 
])odies, according to the nature of their surface. A 
body with dark-coloured, rougli surfaces absorbs more 
heat than it reflects ; but a body with light-coloured, 
smooth surfaces reflects more heat than it absorbs. 
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You remember too that the heat, which is reflected 
ill this way, is dissipated or scattered in all directions* 
PractiAdly the self-same rules liold good with rays 
of light. Opaque bodies absorb and extinguish some 
of the rays of lifjlit whicl^fall on them, and reflect the 
rest. • , 

A body with dark-coloured, rough surfaces absorbs 
more light than it reflects ; but a body with hright- 
•coloured, smooth surfaces reflects more light than it 
absorbs, and the moj’e highly polished the surface, the 
better the reflection. 

• 1’he light Vhick Is reflected is scattered in all 

directions, and is termed •[iffused light. 

* We have already seen that a luminous body, like the 

red-hot poker and the candle-flame, is visible by its 

own light. Hut the great majority of opaque bodies 

arg not self-luminous — they have no light of their 

*own. Such bodies become visible only by reason of 

tlie diffused light, which is reflected in alF directions. 

Hence it is 4 ‘lear that, when we look at a tabte, a 
• ... 

tree, a ^flower, or aiy^ otlier o])ject, it is the diffused 
liglit reflected on every side wliick enables us to see 
it; and the more diffused liglit there is, the more 
distinctly are such objects visible. 

We look out of our windows on the surrounding 
objects, afld tlu^.y are all distinctly visible, for they 
receive and reflect plenty of light.'* But when we look 
in fit the wdndow from the outside, the interior of the 
room seems almost dark in comparison, and the objects 
in it are not distinctly seen, because they receive and 
reflect less light. t 

Let us now change the position of the looking-glass 
ty standing it behind the candle. In this position 
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you are looking straight into the glass, and you now 
‘'see the illusion of a similar candle behind the glass 
itself. This illusion behind the glass is als6 the result 
of reflection, and the reflex of the candle formed there 
is termed the image. You observe ttiat the image is 
exactly similar both in form and size to the actual 
object. 0 

When we speak of reflection, we generally have in 



our mind the formation of an image by some reflector, 
and a body with a polished surface, which shows by 
reflection the imagd of an object placed in front of it 
is called a mirror. 

Mirrors have* been in use from very ancient times. 
You know that you can see your face reflected in the 
surface of still cjear water, and it was probably that 
simple natural reflection, which first suggested to those 
ancient people the use of artificial mirrors. 
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Those estfly mirrors were made of polished tnetal — , 
gold, silver, tin, and steel. Bu£ most metals tarnish 
in contact with the air ; and hence in course of time 
an improvement was made, by coating a sheet of glass 
on one side witli an amalgam of tin and mercury. 
The glass adds an extra p^feh to the natural lustre of 
the metal, and at the s!ime time preserves it from 
tarnishing. 

We shall have more to say about mirrors in the 
next lesson. 


SUMMA]fY*OF THE LeSSON 

• 1. When light falls on a polished opa(pie surface, it is thrown 
backj^or reflected. 

2. Wliite silvery surfaces are the best reflectors. • 

• 3. Tt is the metallic lustre on tlie back of a looking-glass 

wliich makes the rellecting surface. 

• Black, roi%h, unpolished surfaces reflect no light. 

5. The great majority of obje(;ts arc render^ visible by 
diffused light. ^ 

6. A mirror is a lirjflecting surface which shows the image of 
an object jdaced in front of it. 


Lesson XVII 

Mirrors 

We have seen that reflection takes two forms — it 
scatters or diffuses light in all directions, and it 
produces an image of an object behind the polished 
surface. It is usual to speak of the formation of 
images as regular reflection, to distinguish it from the 
mgre diffusion of light, which is known as irregular 
reflectiou. 
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Let .us endeavour now to find out experimentally 
the reason for llie name — regular reflection. 

I will lix this sheet of drawing-paper W a large 
hoard, and lay it flat on the table, and then, after 
ruling a line across the middle of it ftom left to right, 
I will stand this strip of 'polished tin on the line, in 
an upright j)Osition, facing y6u. 

'J'liat done, 1 stick a small brad-awl into the board 
at any spot on the paper to represent the object, and 
you of course see the reflected image of it behind the 
mirror. 



The next step is to fix a sharp-pointed knitting 
needle at some spot on the pencilled line on which 
the mirror stands ; and then to ])lace a similar needle 
in such a position as to bring it into a direct line 
with the first one, and the reflected image of the 
object. 

I will now clraw on the paper a perpendicular to 
the .mirror-line from the spot where the l)rad-awl 
stands, and theri\after removing the mirror altogether, 
I produce this peipeiidicular towards the far edge of 
the paper. You now observe that, if 1 join the holes 
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made by tjie two needles with a similar ruled line, 
and produce that line, it meets the perpendicular ; and* 
your ruler^ill prove by actual measurement, that the 
spot ^^here they meet is exactly the same distance 
behind the mirrcA- line, as the brad-awl itself is in front 
of it. • • 

Let us mark this spot by fixing there another 
knitting-needle, and then if we replace the mirror, we 
observe that tlie image of the brad-awl seems to stand 
exactly where the needle is* fixed. ]>nt we know the 
exact distance of that needle from the mirror, and 
therefore we also knf)\^ the distance of the image, for 
it ocQii})ies the same spot.* • 

* The image of the brad-awl is as far behind the 

• ^ 

mirror, as the brad-awl itself is in iVont of it. • 

Xow, if you place yourself in a line with the 
nellies, you ^ will be another step nearer the true 
solution. You see, in that jiosition, the ^rellection of 
tlie brad-awl in, tlie mirror, and the rellec.ted rays 
which reach youi» ej^e jiroceed as if they came direct 
from th^ image at t^ic liack of the mirror; an*d that 
images, as you already know', is exTictly as far behind 
the mirror as the bi*ad-awl is in front of it, and in the 
same ])e7’pcndicular line. 

1 will now remove eveiything except the sheet of 
])aper, and T w\ant you to notice the lines which have 
l)een draw’ii on it. 

We will mark the position of the brad-awl by the 
letter O ; then 8 shall represent the* jiosition of the 
spectator, T the imagi', and V the sjKit wherg the 
reHected ray from it crosses the mirr(fi^-line. 

Then, if I join Or, and draw a perpendicular to 
the mirror-line from the point P, you will observe 
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(and can prove it by actual measurement) that the 
angles on either side of tlie perpendicular are equal. 

Now for the explanation. The line I'N, perpen- 
dicular to the mirror, is called the Normal ; the line 
OP represents ai:ay of light’ falling oft the mirror from 
the object, and is called the incident (or falling) ray ; 
the line PS represents the same ray of light reflected 
from the mirror to the spectator’s eye, and is known 
as the reflected ray. - 

For similar reasons tiie angfe on one side of the 



Normal is called flie Angle of Incidence, and that on 
the other side the Angle of Peflection. 

The rest is easy. The ray, which seems to come 
from the image behind the mirror, does not actually 
proceed from th.%t spot. It starts from' the object, 
falls on the mirror as the incident ray, and is thrown 
off towards the spectator as the reflected ray, add in 
every case of reflection the angle of incidence is equal 
to the angle of reflection. 

This, of couifee, will be quite sufficient to explain 
the reason for the name — regular reflection. It is 
regular because it b governed by certain fixed laws. 
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Just ong more thought in connection with the image 
itself. The reflected rays appetir to proceed in a direcC 
line froiii^the image to the spectators eye. But you 
kiiow*that this cannot be, for the light from the object 
cannot pass through the 4)paque mirror, and therefore 
cannot form any real or scctual image there. 

If we look behind the mirror we can see the needle, 
for it is actually there, but we cannot see the image of 
•tlie brad-awl, because it has no real existence, although 
we can see it in th^ mirrorntself. 

The image wliich we see retlected in this mirror is 
only an opticaf illusfon, and we speak of it as a Virtual 
image, because in reality tliere is no image belwnd 
the mirror at all. 

c 

9 

Summary of the T.esson 

«1. In a plajiie mirror tlio iiu^igo is as far Ix'liiiul the reflecting 
surface aa the ohject is in front of it. 

2. Tile rays of light from the ’ohject fall on fho mirror, and 
are reflected hacdt fo the eye of the s]>ectator. o 

8. The angle ot iiftideiice and the angle of reflection are 
equal. » ^ 

4. The image is a virtual one — a nfere illusion — for it has 
no real existence. 


Lesson XVIII 

Some More Experiments 

*Our recent experiment with the mirror made it clear 
that the reflected image which we. see is a virtual one 
— a mere illusion — and that it is as far behind the 
mjrror as the actual object is in frSnt of it. To-day 
we will have some further experiments in illustration 
of this. 



90 


SOME MORE EXPERIMENTS 


Let us commence with a very simple qne. I will 
merely touch the reflfictirig surface of tliis looking- 
glass with the point of my pencil, and wRile I hold 
it there, T want you to observe, in the first 'place, 
that there are two images >of the p^xicil-point. The 
first, which is immediately r.behind the actual point of 
the pencil, is a very feeble image ; but beyond that is 
a second and much more distinct one. 



The feeble image in front is the reflection from 
the front surface of the glass itself; but tlie second 
and brighter image behind it is due to the reflection 
from the metallic coating on the back or the glass, 
and this is the one I wish you to particularly notice 
now. 

The object, that is, the actual pencil-point, touches 
the glass, and therefore the distance between it and the 
reflecting coat at '^he back is the thickness of the glass, 
and you know that, by the law of reflection, the image 
must be exactly as lar beljind. 
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Hence rit is clear that the distance between the 
object which touches the glass ^iiid the reflected image 
behind it Snust be twice the thickness of the glass, and 
this experiment is a simple test for ascertaining the 
thickness of a l&oking-glaes. 

Have you ever been ihoa room with looking-glasses 
on the two o])})osite wj£lls ? If you have, you must 
liave been struck with the appearance of a long row 
*of images of yourself, one behind the other, in each 



mirror. Let us now inquire into the meaning of 
this. 

In the first place, I need scarcely remind you that 
in such a ])()sitioii the mirrors wOiich face each other 
are parallel ; and if 1 stand these^two looking-glasses 
oil the table in the same relative position, willi some 
object between them, you will have no difliculty in 
explaining the whole thing yourselves. 

You know that the image formed by reflection is 
as, far beliind the iniiTor as the objef t is in front of it, 
ipid that the line between the object and the image is 
always perpendicular to the mirror itself. 
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That makes it an easy matter to locater the image 
behind each of the mirrors, for, after all, this is simply 
a matter of measurement along the pei^endicular 
line. 

When the exact spot is found belfind each mirror, 
you may mark it as we did before with one of our 
knitting-needles. , ’ 

You can see tlie knitting-needles of course, because 
they are actually there, but the image which you see 
by reflection in eacli glass'* is not creally there, for you 
know it is a mere illusion — a virtual ii^iage. 

But we have not done yet.^' There are other 
images extending one after ' the otlier in the samcj 
straight line behind each mirror. How are wq to 
account for them ? 

Yes, I thought you would be sharp enough "to tell 
that. The second image in the mirror on the right is 
simply the i;]eflcction of tlie first image in tlie opposite 
mirror ; and in like manner the secc^id image in the 
mirror on the left is the rellectioir-of ‘the first image in 
the otlier. . • 

If you locate these as before with needles, you will 
find, too, that they are not at the same distances behind 
their respective mirrors, because each image must be 
as far behind the mii ror as its object is in front of it. 

We need not go any further, for every image in 
that long row is formed on exactly the same 
principle. , 

Now, suppose we change tlie position of tlie two 
mirrors by placing them at right angles to each 
other. Then if we fix the object, whatever it may be, 
at. any point between the two, we shall always g^t 
three images of it and no more. 
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By virt^ie of the law of reflection there is an image 
of the object in each mirror, and that image is exactly 
as far behind the mirror, as the object is in front 
of it. 

But the ullage itself in each mirror is again 
reflected iirthe other, the'secoiid image in either case 



being exactly as iav behind the mirror, as the original 
one is in front of *it • The result of this is that, these 
two second images coi4cide at every point, so as to form 
only a single reflection. 

Hence it is tliat in two 
mirrors placed at right angles 
tliere are always three images. 

If you draw a circle with 
two diameters at right angles, 
and fnake two of the radii 
repiiesent the two mirrors, 
you will see it all clearly 
enou^li. The object stands 
between these two, and there is an image of it in 
each of the other three. 
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If we incline onr two mirrors at an apgle of 60°, 
we get five images of any object placed between 

them ; and by flrawing as 
before a circle with sii angles 
oT 60", aR meeting at its 
•centre, you will^ee tljat the 
object stands in one, and 
that there is an image of it 
in each of the other five. * 
Similarly, and for the 
same reasons, the mirrors 
placed at an angle of 45° 
\^ould give seven, and a£ an angle of 3 O'" eleven 
images ; because every image 
is exactly the same distance 
behind its mirror as the 
object is in front of it. * 

The Kaleidoscope is inade 
00 this principle, for it con- 
sists practically of three 
reflecting surfaces arranged 
at angles of 60° with each 
other, and the small pieces 
of coloured glass, falling into diflerent positions in 
front of these inclined miirois give rise to the chang- 
ing forms we see,, wlicii we look through it. 

Summary of the I.ksson * 

1. A ])ericil -point toiicUing tlie surface of a looking-glass 
gives two images. 

2. One is a w(4ik reflection from the front surface ; the other 
a more distinct one from the metallic hack. 

3. Parallel mirroT’s give a succession of images one behind 
the other. 
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4. The first image in each mirror is a l eflection of the object 
itself. 

6. Each the otliers is a rellectiori of the first or some other 
image. 

6. Each image is as far behind the mirror as its object is in 
front of it. 

7. Mirrors placed at right.ajigles give three images of an ^ 
olject placed between them. ^ 

8. Mirrors i)lace(l at an angle of CO" give five images. 

9. Mirrors jdaced at an angle of 45" give seven, and at 30“ 
eleven iniagt'S. 


Lessoi. XIX 

CuKVKi) Afiunoits 

All -the mirrors we have dealt with thus far have 
hceii Hat platens, and are kiiuwii as phiiie mirrors : but 
we sliall uow turn our attention to some ^diich have 
curved surfaces. • , 

These curved luiiyors are of two kinds, Jii one 
kind tlje .inside, or hollow of the curve, is the reflect- 
ing surface, and tliese are known as concave mirrors. 

‘Ill tlie others the reflection is from the outside, or 
rounded surface, and they are called convex mirrors. 

An ordinary curved watch-glass could be made 
to serve tbe*pur])ose of eitlier ; for if it were silvered 
on tile outside, it would make a concave mirror ; and 
if thc^ metal coating were laid on the inside, it would 
become a convex mirror. 

Perhaps 1 can best make you understand the real 
nature of these curved mirrors witli flie help of this 
hollow india-rubber ball ; and I will commence by 
cutting a circular piece out of it with my knife. 
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This piece of tlie ball, you see, is concave on one 
side and convex on tiie other. It was cut out of 
the ball ; it is part of the ball 

We will now divide it into two equal parts by 
r cutting it through the micUlle ; and- then if we cut 
^-the ball itself into two l^uiisplieres, you can easily 
prove that the cut edge of either of the parts fits 
exactly the edge of the hemisphere wherever it is 
applied. 

Of course you know that^ the edge of each 
hemisphere is a circle, and hence it is clear that this 
section, or cut edge of the small ])iece, is itself part 
of a circle. ^ 

If you understand this clearly, you will have no 
difficulty with the actual mirrors, for if cither of them 
were cut through the middle, tlie section or cut edge 
would also be part of a circle, and we might represent 
it in a drawing like this. 

It is at the same time perfectly clear that, as 
the curve of the mirror is really pert of a circle, its 

ctuitrc is the pentre of 
the whole circle. We 
shall henceforth call this 
the centre of curvature. 

We will now bisect 
the arc which represents 
the mirror itself, and 
rule a line from the 
point of bisection to the 
centre of curvature. We 
shall frequently* refer to this line, so you must try to 
remember its name — the principal axis of the mirror, 

I now want to carry you back to one of our 
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earlier lesaons. You no doubt remember that, if, 
our india-rubber ball had been an immense one, say 
a yard across, a piece cut out of it the size of a six- 
])ence would lie perfectly flat, although in reality 
it would be part* of a sphA*ical surface. 

It is clear from this* that the surface of every ♦ 
sphere is actually made *up of an infiniLe number of 
very small plane surfaces. 

You remember, too, from the same lesson that 
every line perpendicmlar to ‘every one of these plane 
surfaces must p^f-ss through ‘the centre of the sphere. 

I think you will now readily understand from 
yiis that; as the surface of evciy curved mirror 'is 



really p^trt of a sphere, it is madejiip of an immense 
number of very small plane surfaces ; that each of 
these is practically a little plane minor in itself; 
and that every line at right angles to it must pass 
through the, centre of curvature. 

This sketch shows the section o^ a concave mirror, 
with^its principal axis and centre of curvature marked. 
Let the dot in the corner represent a ^luminous point, 
from which rays of light are sent out in every 
direction, and the line from it par^lel to the axis 
sliall be one of these rays. 

• This ray strikes the mirror at a certain point, 
and if we join that point with the centre of curvature, 
S. R. VII H 
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.we know that the joining line must be perpendicular 
to .the mirror itself at that spot. 

Now if you turn your thoughts for a moment to 
the plane mirrors, you will remember that the ray 
of light which Mis on the mirror at any spot is 
known as the incident ray that the line perpendicular 
to the mirror at tliat spot is the normal, and that 
the angle of reticction is always equal to tlie angle 
of incidence. 

Think of this, and you have' the whole secret of 
the curved mirrors. ^ 

In our sketch a ray parallel* to the axis falls on 
the mirror at a certain s])ot, and is the incident ray^; 
the line from that spot to the centre of curvature 
is tile normal; and if we make an angle on the, 
oj)posite side of this line ecjual to the angle ot 
incidence, the line which forms that angle wiU 
represent tl:e retlected ray. 

.This ray, you see, cuts the principal axis exactly 
midway between the mirror ''and* the centre of 
curvature ; and the point win re it cuts this line 
is known as the principal focus, because it is easily 
proved by ex})erimeut that, all rays which strike the 
mirror in a line parallel to the princii)al axis, intersect 
at that spot, after they have been lehepted. We 
shall have more to say about these parallel rays in 
the next lesson. 

fe[JMMARY OF THE LeSSON 

1. Concave and convex mirrors are parts of spheres. 

2. In a concaVe mirror tlie liollow side is the reflecting 
surface. 

3. In a convex mirror the rounded bulging side is the 
reflector. 
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4. The centre of tlie sphere is the centre of curvature 
of the mirror. 

5. The ane from the centre of curvature io the middle point 
of the mirror is called tlie axis. 

6. The piinci^il focus is^inidway between the mirror and , 
the centre of curvature. # ^ 

7. All rays which strike ^the mirror in a line parallel to the 
axis £ire reflected to the ])rinci])al focus. 


Lesson XX 

CoNCAWc Mirrors 

•In our last levssoii we trac(icl the reflection of a ray 
> of light, which falls on one of tliese curved iniriWs in 
a line parallel with its axis. Ihit T want yon now 
4o^clearly nifdcrstand whaf is meant by such a ray. 

In the first place, then, ^et me remilid you that 
any ])encil of rXys, which falls on a mirror from a 
near luminous point, must Ix', more or less divergent, 
because’ the rays S])fead out in ajl directions. It is 
equally clear that, as the distance between a luminous 
point and the mirror increases, the rays l)ecome less 
and less oblique. In ftict, we may regard the rays 
from distant objects as practically parallel ; they form 
a ])arallcl pencil. • 

J have only to point out tliat the sun, and the 
other heavenly bodies wliicli give ns li‘ilit, are sei)arated 
from us by enormous distances, and you will at once 
understand that all the light they^send us must fall 
in •parallel pencils. 

• The sun is shining brightly this morning ; so we 
will take our concave mirror out into the playground 
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for a simple outdoor experiment, which wiR make all 
thi# perfectly clear to you. 

I will fix the mirror in a position where it may 
receive the direct rays of the sun. In such a position 
it is clear that, as the sun 'is shining full upon it, all 
the rays must be parallel to the principal axis. 

Ifow I want you to carefully observe the next 
step. I hold this small piece of tissue paper some 



little distance in front of the mirror, to act as a 
screen, and then sldwly move it nearer and nearer. 

You observe that, when the screen is in a certain 
position, a smal), bright, luminous spot appears on it. 
This bright spot on the paper is the focus, to which 
all the rays of light from the mirror are reflected. 

You already know that the sun*s rays fair in 
parallel pencils, and that those which are now falling 
on mirror are all parallel to its principal axis. 
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Therefore it is clear that the bright focus, which^ 
we see on the paper screen, is* the principal focus ^ of 
our mirroil, for the rays of light which strike the 
mirror in a line parallel to its axis are reflected and 
meet there. • % , 

We have found the principal focus, you see, by 
experiment, and I think !t will help you to understand 
more clearly all we talked about in the former lesson. 

• Before we go any farther, it will be well to measure 
with a ruler the dislance of this principal focus from 
the lens. We shall find it useful later on, and besides 
that, if we know th5 Sistance of the principal focus, 
we have only to double* it, and that gives us the 

distance of the centre of curvature. 

• . 

I may now point out that the very name, principal 
' focus, seems to infer that these mirrors have more 
th^ one foci^s. Our next^tep, therefore, must be to 
find out how fiir that is true ; and for tjiis purpose 
we will return t^ the classroom and pull down the 
window blinds in re^fidiness for another simple little 
experiment, which, of^ourse, you can afterwards repeat 
for yourselves. * 

With the room then partially darkened in this 
way, I place the lighted candle on the table, and from 
what you have already learned you will easily under- 
stand that, *the rays of light from it^niust fall upon all 
near objects in divergent pencils. 

Therefore if I now stand the mirror a yard or so in 
front of the candle, it is clear that all^the light which 
it receives from the candle must consist of the oblique 
rays of a divergent pencil. Having made that point 
clfar, our next step will be to hold our tissue-paper 
screen between the two, and then move it slowly 
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towards the mirror until a position is fourkd in which 
a bright, luminous spot'* appears on it. 

This spot, of course, is the focus for tThe oblique 
rays of the divergent pencil of light which falls on 



the mirror from the candle.^ Those rays are reflected 
by the polished surface of the mirror, and all of theni 



are concentrated on this one spot, which thus becomes 
their focus. 

Now observe what happens when we reverse the 
positions by standing tlie candle in this locus, and 
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holding the paper screen where the candle itself 
originally stood. • 

The raprs from the candle still fall on the mirror 
in a divergent pencil, and are reflected as before *, but 
this time they«come to 41 focus — a single luminous 
spot — on the screen in it» pew position. 

It is evident from tthis that in each case the 
luminous object and its focus are so connected that 
they can exchange places. We say that each of these 
points is the conji:^ate fo»iis of the other, and the 
name conjugate comes from a Latin word which means 
connected. TlTe name' conjugate focus is employed to 
distinguish this one from the principal focus, to which 
?dl parallel rays are reflected. 

^ow before we go any farther, let us gather up 
what we have learned so far. 

^We know that all rajs which strike a concave 
Inirror in a line parallel to its axis are reflected to the 
principal focus, ajid actually pass through the principal 
focus, so that they can be caught as a luminous spot 
on a screen. • 

AVe know, too, tlTat rays whiclT strike the mirror 
obli(picly from some luminous spot, and are reflected 
to its conjugate focus, also pass through that focus, 
and can he caught on a screen. 

Because the reflected rays can be actually caught 
ns a luminous spot on a screen, tlie focus in each 
cast is said to be a real focus. 

Now let us place the candle a few inches only from 
the mirror, and again take our observations. The rays 
from the candle this time strike tHe mirror, and are 
reflected as usual ; but instead of being gathered 
together after reflection, they are dispersed, and can 
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never form a real focus — a luminous spot, which may- 
be caught on a screen.' 

As we look into the mirror we see a reflection of 
the light, as if it came from a point behind the mirror. 
But we know thaf; none of the light tan actually pass 
through the mirror to reaclr that point, and that the 
reflection is only an illusion®. We therefore call this 
a virtual focus to distinguish it from a real focus. 

« 

SUiMMAllY OF THE LeSSON 

9 

1. Rays of light fiv^rii a near ohjec-t are more or less oblique. 

2. They become less obli(pie as ihciAistaufie increases. 

3. Rays from flistaiit objects jbrm a parallel ])encil. 

' 4. The sun’s rays always fall in ])arallel jiencils. 

6. Every pencil of light from the sun falling on a copcave 
mirror is reflected to the ]>rincij)al focus. 

6. Oblique rays are reflected to some other ]K>iiit, which is • 
called the conjugate focus. 

7. Rays fr<jm a luminous ^^pot between tbe^ ])rincij)al focqs 

and the minvi' have their focus behind the mirror, not in front 
of it. This is a virtual focus. . 

o. A real focus is one winch can be caught on a screen. 

Lesson XXI 

Images formed by Curved Mirrors 

Til our recent experiments with the concave min’or 
we found that, when the ray.s from a luminous spot fall 
upon tlie mirror and are reflected back from it, tliey 
may be caught on a screen, where they all meet *iii a 
bright spot, wliich is called the focus. 

Tliis focus, or bright spot which appears on the 
screen, is in reality tlie image of the original luminous 
spot, and it is said to be a real image, because ij\e 
reflected rays actually pass through it. 
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In eachjof those experiments we purposely confined 
our attention to the reflected imaige of the one luminous * 
spot. But%it is important to remember that every 
point in every object placed before the mirror has its 
image, and that At is the reflection of all these points, 
which produces the image-o/ the whole object. 

Let us now turn our*attention to the formation of 
images, commencing as before with those formed by 
concave mirrors. 

We will pull down the blinds, to partially darken 



the room as usual, and then place a lighted candle 
in front of the mirror at some spot between the 
principal Ibcus and the centre of curvature. You 
remember we have already found the distance, of both 
thesfe points, so we can easily locate them with the 
help of the ruler. > 

I will now hold the paper screen on the farther 
side of the candle, and move it sk)wly backwards, 
until a position is found in which a distinct image of 
the candle appears on it. 
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You observe that the image is inverted, and larger 
than the object itself, ^ and you also see that the image 
is much farther from the mirror than the f^bject is. 

Let us now raise tlie blinds, open the window, and 
place the mirror in front pf some object outside, on 
which the sun is shining. ^ Then, if I hold the paper 
screen a little on one side o^ the mirror, and move it 



slowly, I shall at last find a position in which a 
distinct image of the object will appear on it. 

The image, you observe, is inverted a^ before, but 
in this, case it is very much smaller than the object; 
and I need scarcely say that this time the image is 
very iinich nearer the mirror than the object is. 

These two experiments will be sufficient to show 
you that real images formed by concave mirrors are 
always inverted, and that the size of the image bears 
the same proportion to the size of the object, as the 
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distance of j;he image from the mirror bears to the 
distance of the object from it. • 

You cam prove all this for yourselves in a very 
simple way. If you hang the mirror on the wall, and 
stand two or thrcfc yards a^ay from it, you see as you 
walk slowly towards it an iipage of yourself reflected 



in its surface; Imt, instead of being life-size and erect, 
as it? would appear in an ordinary looking-glass, it is 
inverted and much smaller. • 

But if you continue to advance slowly towards the 
mirror, you will also observe that a# you get nearer 
aij(f nearer to it, the image increases in size, although 
it is still inverted. 
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The faet is, every step you take lessens your dis- 
tance (as the qj5ject)''from the mirror, and increases 
the distance of the image from it ; and then the rule 
comes in that, the size of the image is to the size of 
the object, as the distance of the ‘‘image is to the 
distance of the object from the mirror. 

It is worthy of note that, all this time, as you 
continue to advance towards the mirror, if some one 
holds the paper screen in front of it, a distinct invertevl 
image of yourself will appear on Jhe screen, and it will 
gradually increase in size as you get nearer. This, 
however, is exactly what you* would *expect, for you 
know #hat these are all reat* images. 

But suppose you continue to advance towards the 
mirror in the same slow manner. You will at length 
reach a certain point wliere the reflection in the' 
mirror will disappear entirely, and it will also^ be 
impossible to catch any image on the screen. 

If at this spot you measure your ^ distance from the 
• mihror, you will find that you ^rc in the principal 
focus and just as parallel rays when reflected by the 
mirror converge to this point, so all rays from the 
principal focus, wlien reflected, proceed in parallel 
lines. Such lines, of course, can never meet ; they can 
never form a focus, and therefore there can be no image. 

Summary of thk Lesson 

«*. 

1. Wlien an image can be reflected on a screen from a con- 
cave mirror, it is ^^id to be a real image. 

When a person looks into a concave mirror a little way 
off he sees a small, ifiverted image of himself. 

3. This is a reiil image ; it can be caught on a screen. ^ . 

4. An object in the principal focus of a concave mirror 
cannot produce an image. 
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Lesson XXn 

Virtual Jmages Curved Mirrors 

You remember that I left you standing in the 
principal focus of our concave mirror, and that when 
you looked into the mirror from that position you saw 
no reflection of your face in it. 

You had been slovfly advancing towards the mirror 
till then, and ae you advanced you saw a distinct 
inverted image of yourself jn it ; but the moment you 
reached the principal focus the image disappeared like 
niagk, leaving the mirror a blank. 

, Suppose now you once more take up your position 
a little distance in front of the mirror, and move 
sk)vrty towards it as befoilj. As you continue to 
advance, you see distinctly your inverted image in the 
mirror, till all of j* sudden it disappears, and then yt)u 
know you are in tlie ihincipal focus again. , 

I have gone over tliis ground a second time, because 
^ we shall make the principal focus our starting-point 
to-day, and 1 want you now to continue your slow 
advance from it towards the mirror. 

You obse^rve that as soon as you begin to move 
forward from the principal focus, tire image reappears 
in tlif mirror. But it is no longer an inverted image, 
it is now erect and greatly magnified, ^d the nearer 
you get to the mirror the larger the image^ becomes. 

Xow let us see what we can ma]fe of this with 
the /help of a sketch. I will first draw a section of 
the^ mirror itself, with its axis, principal focus, and 
centre of curvature all duly marked. Then I« will 
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draw your face in profile looking intc the mirror 
between it and the principal focus. 

That done, let ns imagine that a raj' from some 
part of your face — say your foreln^ad — strikes the 
mirror at a certain spot^ That my must obey the 
laws of refiection, and* it will in consequence be 
reflected back to your eye. 

The result of this is that you yourself see the 
reflected image of that particular spot, u, on your fore- 
head, as if it came from^behind <the mirror at A, where 



the reflected ray, if jmiduced, would meet the line^ 
from the centre of cui’vatuie. 

We migljt, of course, deal in the same way with 
other imaginary rays from various parts ^f the face — 
ears, nose, chin, .and so forth — and it would be an 
easy matter to show tliat each point has its rejected 
image behind the mirror. 

You rememl^er, no doubt, that in one of our 
experiments, when we placed a luminous point between 
the mirror aijd its principal focus, the reflected i<nage 
of it appeared to come from a point behind the miitror, 
and was proved to be a virtual image — a mere 
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illusion — besause the mirror itself is an opaque body, 
and light cannot penetrate it. * 

Hence itiis clear that the images of all those points 
in your face, which appear behind the mirror are in 
like manner mere'^illusions, or virtual images. 

But as every point in e^ory object placed before a 
mirror has its image, and the reflection of all these 



points forms the image of the whole object, therefore 
it is*evident that the erect, enlarged image of your 
face, wliicli you now see in the miri-br, is only an 
illusion — a virtual image. 

Let us now pass on to deal in a sfmilar way with 
thq^ convex mirror and the images it forms. This 
mirror, as you know, reflects light from its rounded or 
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bulged side, and not from its. hollow svvface, as the 
concave mirror does. 

We will commence by hanging it on ttie wall, and 
you shall tell me what you observe, as you advance 
slowly towards if. from the^ opposite 6ide of tlie room. 

Yes, you are quite right ; you see a small upriglit 
image of yourself reflected in the mirror, and as you 



approach nearer and nearer, the image increases in 
size. But the image is always erect, and always 
smaller than tlie object. 

Let us see what else we can learn about it with 
the help of this drawing. ^ 

In the first place, then, as the rounded face of tliis 
mirror is its reflecting surface, it is clear that the 
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centre of ciyvature and the principal focus are behind 
the mirror, not in front of it. * 

Suppose%P is some luminous point in front of the 
mirror, and PE represents a ray of light from it 
falling on the mifror at E.% Then if jve join E with C, 
the centre of curvature, and •produce the line to M, we 
shall have the normal EM, and of course EN will 
represent the reflected ray. 

• Needless to say, such a ray could never come to a 
focus, but if the line Js prodftced backwards it meets 



the principal axis in P', and that ^oint is the image 
•of the luminous point P. But as it is formed behind 
the mirror it is only an illusion — a virtual image. 

Let me in conclu^'on once more remind^ you that 
what is true of a single ray from jyiy single spot is 
equally true of the entire object. Hence it is clear 
that flie image of yourself which you see in a convex 
mirror is a virtual one. * 

Summary of the LessoJt 

An object in the principal focus of a concave mirror 
cannot produce an image. 

S. R. VII I 
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2 . AVlien a person looks into a concave mirror a little way- 
off he sees a small, invert/^d image of himscdf. 

3. This is a real image ; it can he caught on a screen. 

4. As the object a})])roaches close up to tlfc mirror, the 
image appears erect and greatly magnified. 

5. This one is a virtual imagt^,; it is formtfd hehiiid the mii-ror; 
it cannot be caught on a screeiu 

6. The image reflected in a convex mirror is always erect, 
and it increases in size as the object a 2 )pr()aches nearer. 

7. It is formed behind the mirror, and is therefore a virtual 
image. 


Lesson XXJII « 

<.i 

ItEFTAC'J’ION OF LlGIlT 

You already know that light passes through some 
bodies l)ut not through others, and that l)ecause of 
this every transparent body, such as ^ir, water, r and 
glass is said to be a medium. 

Till now we have confined oui» attention to the 
passage of light through one Hj^edium only — the air 
arouiid us, and we liave found tljat light always travels 

through the air in straight 
lines. Our next stc]) is to* 
learn how a ray of light 
acts, when it passes from the 
air into some other trans- 
parent medium, such as 
water. 

I have liere a large square 
biscuit box, with a little hole 
pierced in one side of it^near 
the top. We will ])ull down the blinds, and sfe^ind 
the lighted candle a short distance from the hole, and 
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then you will observe that there is a small circle of^ 
light on the floor of the box* The light from the 
candle, of C(>urse, proceeds in straight lines through the 
hole, and falls on that spot. 

I will now flx this bright new Xhreepenny piece 
on the circle with sealing-^^^nx, and fill the box with 
water almost up to the hble. 

Wlien that is done you will 
observe that, although the 
coin remains where .it .was* 
placed, the circl^ of light is 
now seen some dist^ice in 
fnDut of it. * 

fact is, the light from 
tlie candle ju'oceeds as before 
in straight lines, till it meets 
the^iurface of^ the water; Uut at that point it passes 
into another medium wliich is denser th^-ii the air. 
That denser inedkim bends tlie rays of light out, of 
tlieir straight course, ‘iiid we say the liglit is refracted. 

I will now pour ajvay the water, leaving the coin 
on the original spot, and you shall look at it tlirough 
* the small hole. 

You see the coin, l)ecausc rays of light proceed 
from it in straight lines, through the hole to your 
eye. 

Ihit observe what ha])pens when 1 fill the box 
with*water again. You cannot see the coin at all 
through the watt^r now, although, it still*remains where 
it was first j)laced. 

T will drop this small bright button into the water, 
anc/ move it forward gradually with a stick, while 
you are still looking through the hole. Tresently as 
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I move it forward, it becomes visible to you, but it 
is now some distance in front of the coin, which you 
cannot see at all. ^ 

The explanation is simple. The rays of light from 
the button proceed in straight lines tflrough the water, 
and it is quite clear froiii this sketch that, if they 
continued in^hat direction, they would pass above 
your eye, as you look through the hole. 

But at tlie surface of the water they enter a new 
medium — air, which is less den»3e than water, and on 
entering this they are bent out of thep’ straight course, 
or refracted. It is the refractefi light which reaches 
your eye, and enables you to see the button itself /it 
the bottom of the water. , 

You will clearly understand fiom tliese experiments 
that light is always refracted, or bent out of its course, 
when it passes from air into water, whjch is a denser 
medium, and also when it passes from water into air, 
which is a less dense medium. <• 

Let us turn to our sketcli ®once more. The i‘e- 
fracfed rays, which proceed 
from the surface of the 
water to your eye, and 
enable you to see the 
button, actual] y come from 
the button at the bottom 
of the water. But to you 
they appear to come from a 
spot above it, which is the re- 
fracted image of the button, 
and not the button itself. 
This image is only an illusion, and is the resuk of 
the refraction of light, which appears to raise the floor 
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of the box^and with it of course the button itself, so 
as to bring it within the line of sight. 

Hold tliis stick obliquely in the water, and you 


will get a capital illustra- 
tion of what I mSan. The% 
part of the stick out of* 
the water is seen of course 
in its true position, but the 
jJart ill the water a])pears 
by refi-action to be rgised, 
and that gives^tlie stick 
itself a broken appeafaiice 
at the surface of the water.* 



you hold the stick upright in the water, and 
look at it from above, it appears shorter than it really 



is f and for the same reason, when we watch the fish in 
a pond, we do not see them in their true position, but 
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higher than they really are. We see the ?mage of the 
fish caused by the refraction of light — not the real 
fish. f 

For the same reason, again, the pond itself is much 
deeper than it lo^ks to be. t The bottJbm which we see 
is only about tliree-foiirths’. ‘of the real depth ; it is an 
illusion — the raised image of the actual bottom, and 
this fact should never be lost sight of by young 
bathers, especially in strange water. 

In conclusion I may state ,;that refraction, like 



reflection, is governed by its own unalterable laws, 
which your teacher will no doul)t explain to you in 
class. It will be jsuflicient for our pur})ose here, if I 
put those laws into simple language, which you can 
remember. 

But to do this I must take you back to our sketch 
of the candle shining on the water through the little 
hole in the side of the box, and at the point where the 
rays from the candle fall on the surface of the wateer 
we will draw a perpendicular. This perpendicular we 
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shall call bj an old familiar name, the normal, and all 
I want you to remember here ift connection with it is ' 
that wliene^er refrjiction takes place, the ray of light 
is bent towards the normal in passing into a denser 
medium, but frofn the noijmal in passing into a rarer 
medium. The sketch itself.will show you this. 

• 

Summary of the Lesson 

• 

1. Every tniiisparent bo<ly is said to be a medium. 

2. Wafer is a denser ^uodium fban air. 

3. Wlien a ray of light pa.sses from one medium into 

another, it is beut^out of%its straight course. We say the liglit 
is refracted, ^ 

0 4. A stick ludd obliquely in the water appears to be bent 
ujiwjyds. 

5. Tlie samt‘ stick held upright in thi* water appeal’s shorter 
than it really is. 

6*. We see tlie image of a fish — not the fish itself — in the 
%‘it(?i’. • • 

7. The bottom of a ])ond is mueh detqier tlian it seems 
to 1 )e. • 

H. The refraction of li'dit is subject to ti.ved inles, whi(;h*are 
calletl tile Laws of Refract ion. , 

9. The refracted ray i« bent towar<ls the normal in i)assing 
into a denser mediinu. 

10. It is bent away from the normal in ])assiiig into a rarer 
medium. 


Lesson XXIV • 

* GliASS AS A Mkdium 

Our experiments in the last lesson dealt with the 
passage of light through water. Let iTs jiow endeavour 
to/ind out what liappens to rays of light in passing 
through glass, which is a denser medium than water. 
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Here is a piece of thick plate -glass.^ We will 
' commence with that, Eftid I may point out (although, 
of course, you can see it for yourselve/^) that its 
opposite faces are parallel. 

Let us begin then by n^aking a sketch of a section 
of it, with a lighted cancile close by, and we will 
imagine a ray of light LM« from the candle falling 
obliquely on the glass at M. 

That done, you will have no difficulty in telling 
AL me that fhe perpendicular at 

^ M is the normal, and that the 

^ angle LMN is the angle of 

^ incidence. 

, — Then you have only to call 

• ' mind the rule with which 

® we ended up our last lesson, 

^ andi the whole secret lies qpen 

^ ^ before you.^ ^ 

Tlie ray, you know, is bent towavl^ the normal in 
passing from any medium into a^denser one, and it is 
therefore an easy matter to show on the sketch the 
direction which thb refracted ray must take. 

But this same refracted ray, after reaching the 
point 0 on the opposite face of the glass, must pass 
out from a dense into a rarer medium. If then 
we erect another perpendicular — or normal — at the 
point 0, our twice-refracted ray will make with it an 
angle POQ equal to the angle LMN, becausd the 
refracted ray 6Q is bent away from the normal this 
time. 


We learn frbni this that a ray of light, which 
strikes a sheet of plate-glass obliquely, is bent tow^ds 
the normal; and that when it emerges into the air 
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again on tljp opposite face of the glass, it is heiit away 
from the normal by exactly th^same angle. 

The re^ijilt therefore is that, this twice-refracted 
ray emerges from the glass in a direction parallel to 
its original direction, so tlwit practically it proceeds in 
the same straight line. • • 

It should be borne in mind, too, that every ray at 
right angles to the surface of the glass is itself normal, 
and of course passes directly through the glass with- 
out refraction. ^ 

Tliese two facts explain why light in traversing 
the glass panes of wifidows, or any other medium with 
garallel faces, is not turiietl aside out of its course. 

Here is anotlier piece of glass, with three faces 
inclined towards each other at an angle. If yoiulook 
at the end of it, you will see thjit it is triangular, or 
wedge-shai)ed ; we speak o^it as a prism. 

* The first thiim no doubt to strike vou on looking 
through the prisim is that, all objects seen through it 
appear to be colourec^ as though they were lighted up 
with \)auds of different coloured light. But w^ shall 
disregard this entirely, because for*the present we are 
concerned only wuth the direction which the rays of 
light take, and not with colour. 

I want you to lodk through the ])rism now at some 
object — say this inkstand — on the^table. You know 
it is actually below your eye, but you cannot see it 
by looking down at it through the prism. If how- 
ever you look straight before you tliFough the glass, 
you will see the image of it ; but it is above the real 
object, and this proves that the rays f>f light from the 
in/stand must in some strange way have been turned 
out of their course. 
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Let US HOW, with the help of a sketch,, trace a ray 
of light from the iiiki^tand through the prism to your 
eye. r 



This, the original ray, then falls obliquely on, the 
prism at a certain point, and at that point we will 
erect a perpendicular — the normal. 

You know that when a ray of light passes from a 
rare into a /lenser medium — from air into glass — it is 
bent towards the normal. Therefore it will be an 
easy matter to draw the refracted ray across the 
section of tlie prism till it mcet.^ the oi)posite face. 

But at that point it passes out from a dense into a 
rarer medium, and by the law of refraction is bent 
away from the normal. 

You see from this that the original ray is refracted 
twice in passing through the prism, and that it is the 
twice-refracted ray which proceeds to your eye. 

Tn looking tlirough the prism you see, not the 
inkstand itself^ but an image of it, and the image is 
raised considerably above the object. 

Let me point out too that the ray is refracted each 
time towards the thick part of the prism. You inlist 
keep this fact well before you, as it will help you to 
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understand^ the nature of a lens, which is to be our 
next subject for inquiry. 

Summary of the Lesson 

1. Light passes through ])la\e-g];iss witlfoiit being turned out 

of its course. * • 

2. The vertical rays pass directly through the glass, and the 
oblicjue rays emerge from it in a direction parallel to their 
original direction. 

3. Light in passing through a ])rism is refracted twice. 

4. Refraction alway.sttakes j)lace towards the thick jiart of 
the prism. 


Lesson XXV 

Lenses 

►We have ^traced rays cd* light through plate-glass 
and prisms, and our next stef),is to learn how they are 
atlected in passing through lenses. A lens, you kqow, 
althoqgli made of glass, is not a Hat sheet with 
parallel faces, nor ar^ its sides inclined at an angle 
like those of a prism. 

Tliere are several lenses on tlie table ; take them 
in your hand and examine them for yourself, and you 



will find that they have curved surfaces. Three of 
tli/in are thicker at the centre than at the edge, the 
other three are thin in the centre, and thicker towards 
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the edge. Those which are thick in the, middle are 
called convex lenses those which are thin an the 
middle are concave lenses. # 

All these different shaped lenses have their uses, 
but for our presept purpose^ it will bd' quite sufficient 
to examine two of them. ^ ' 

Let us begin with the one whose opposite faces 
are both bulged out, so to speak. This is known as a 



double convex lens, and each face is in reality part, of 
a sphere. Jlie centres of the two spheres are known 
as the centres of curvature, and thet line which joins 
the two centres is called the principal axis. 

The other, a double concave lens, is also formed by 
two spheres. That is to say, each of its curved sur- 



faces is part of a hollow sphere, and it has its centres 
of curvature and principal axis just like the con’^x 
lens. 
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Now imagine each lens to be cut through, or. 
divided into a number of separate parts. Every in- 
dividual ptrt might then be regarded as a prism, 
with its opposite faces inclined to each other at an 
angle ; and you already kilow that 
light in passing through a* prism 
is refracted towards the* thickest 
part of the glass. 

If then we trace the course of 
a number of rays through* each 
lens, we shall* hud that in the 
convex lens, wliich is thickest in 
the middle and thin towards the circumference, the 
rays after refraction always converge to a point ; but 
in the concave lens, which is thinner in the centre 




than at th^ edge, the refracted rays always diverge, 
or spread out. * 

3'his explains vdiy a convex is also called a con- 
verging lens, and a concave a diverging lens. 

You observe, by the by, that in each lens the 
principal axis passes through a p(jint in the very 
centre equidistant from both faces. That point is 
cflflled the optical centre, and it is important to re- 
member that every ray of light which passes through 
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,the optical centre emerges from the lems without 
being turned out of its course, because at the point 
where it strikes the lens the two oppositfj faces are 



practically parallel to each other, like the opposite 
faces of plate-glass. 

I have often seen bo;^s amuse themselves v’ith 

t I 

one of these double convex lenses on a bright sunny 



day. They holcj the lens in one hand, so that the 
sun may shine directly upon it, and with the other 
hand they hold a sheet of white j)aper behind it '’to 
form a screen. Then by moving the lens and the 
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screen carefully, they find a position in which a very^ 
bright circular spot appears oiilhe paper. 

But yc^i yourselves are quite familiar with all 
this, and you know that if the lens and the screen are 
held steadily ift one position, the, bright spot soon 
begins to smoke, and at lilst the paper takes lire and 
burns. Tliat is why boys always speak of the lens 
as a burning glass. 

• 1 need scarcely point out that the bright luminous 
spot on the paper ia the fociis, to which all the rays 
of light from the sun are concentrated after ])assiiig 
through the lens. VTe shall have more to say about 
this focus in tlie next lesson. 

* It will be sufficient for the present to observe that, 
when a lens is used in this way, heat as well as dight 
is concentrated on tliat spot, and any inflammable sub- 
stajjice may be set on fire i£it be placed in the focus. 
Tndeed, if a large lens is used, it is even, possible to 
melt metal. 


SUMMA^iV OF THE LESSON 

1. (V)iivex Ifiisos .'uv thickest at the mitre ; concave- lenses 
are thickest at the edge. 

2. Each ])art of a lens may he rcgardinl as part of a iirisni, 
■whose o])])osile fac-es aiv'^in dined to each other at an angle. 

3. Hays eyf light in passing thioiigh a lens are refracted 
towards the thickest pai't of llie glass. ® 

4. (Ion vex lenses arc known as converging lenses ; concave 
as (lit erging lenses. 

5. Rays which pass through the optical centre are not 
diverted out of their course. 
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Lesson XXVI 

More about Lenses^ 

Let us return to our burning glass, and the bright 
luminous spot which it throws on the paper. That 
spot, you remember, is the focus to which all the rays 
of sunlight are concentrated after passing through the 
lens. ' 

You remember, too, that every ^pencil of light 
from the sun consists of parallel rays ; and therefore 



it is blear that when the lens ffices the sun, the rays 
of light which fa]riij)on it must all be parallel to its 
principal axis. 

One of these rays, and only one — that which coin- 
cides with the principal axis — parses directly through 
the lens without refraction, because at the point where 
this ray strikes the lens the two opposite faces are 
parallel. 

In every other part of the lens the opposite faces 
are more or less inclined to each other, like the faces 
of a prism. Hence the rays of sunlight fall on them 
obliquely, and are refracted, or bent towards "the 
thickest part of the glass — ^nd the nearer, they are to 
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the edge of, the lens, the more they are refracted, so 
that they all meet at last in th#one luminous spot. 

This spoj, to which all the parallel rays of a pencil 
of sunlight are concentrated, is known as the principal 
focus of the lens, •and the distance between it and the 
lens is called the focal length. 

But all light does not proceed in parallel rays. 

I will pull down the blinds, and stand a small 
lighted candle on the table, with the same convex 
lens in front of it at^ distance of two or three feet. 
The light from the candle falls in a divergent pencil 
on the lens, and if*I hold a paper screen on the 



opposite side of it, agd move it gradually nearer, I 
shall at last find a position in* which bright 
•luminous spot will appear on it. 

That spot is the focus for all the rays which fall 
on the lens from tin? candle liaine. They strike the 
lens as a diverging pencil, are refjaeted as they pass 
through it, and meet in this one spot — their fccus. 

^u observe that if we move the lens, so as to 
vary the distance between it. and tfte candle, the 
bright spot disappears from the screen. The screen 
itself must be moved into new positions, as the dis- 
tance between the candle and the lens is altered. As 
the candle approaches the lens, the focus recedes 
S. R. YII K 
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from it i but as the candle is moved aw£^y, the focus 
approaches nearer. 



Unlike the principal focus, this one<4s not at a fixed 
distance from the lens. Its position depends upon 
that of the luminous object itself. 

The candle and screen can exchange places too, 
so that this is said to be a conjugate focus. 

Now let us look at this other — the double concave 
lens. It is easy to see “that, as refraction always 



takes place towards the thickest part of a lens, the 
rays of light which fall on this one must diverge, or 
spread outwards. 

Hence it is clear that there can be no focus for 
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these refraated rays on the opposite side of the lens 
because they spread farther and* farther apart. 

You wijl see from this sketch, however, that if* 
those refracted rays were produced backwards, they 
would all meet on the priircipal axis.. 

The point where they^ -ineet is the focus of the 
concave lens ; but it is 'only a virtual focus, for no 
light passes through it, and no bright spot would 
appear on the screen if it were held in this position. 

Summary of the Lesson 

1. The distance l)e tween th^lens and its principal focus is 
called tlie focal length. 

2^ Every divergent pencil has its own focus. 

3. As the object apju’oaches a lens, tlie focus recedes, from 
it, and vice versa, 

4. Tlie distance of a conjugate focus from the lens depends 
H^>o# the distance of the object from it. 

5. A concave lens has only a virtual focus. 


Lesson XXVII 

Images formed by Lenses ' 

It will be interesting and instructive now to follow 
on with a fe,w simple experiments, to show how images 
are formed by different lenses. 

Let us then pull down the window blinds, to 
partially darken the room, and commence operations 
at once with the double convex lens. 

1 will place a lighted candle at^ one end of the 
table, and stand the lens facing it, and at some 

^ The formation of these images is dealt with more fully in the 
Teachers' Manual, 
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Parallel rays, of course, can never inept to form a 
yfocus, and hence they can never produce an image. 

Now for the last step in connection with the 
convex lens. 

I will move |:he candle still closer to the lens, so 
that it stands between the' fens and its principal focus, 
and you observe that it is impossible to catch an 
image of it, wherever the screen is placed. 

But if you look through the lens at the candle 
itself, you will see, not- the actual candle, * but an 
image of it very much larger than ^the one on the 



table, 'and you will find that it^ is erect, not inverted 
like those which a()2)ear on the screen. 

This erect, magnified image, which you see when * 
you look through the lens at the candle, is not really 
there; it is an illusion — a virtual image — for it is 
quite plain that the rays of light, which fall on the 
lens from the candle itself, cannot pass through this 
image which is behind it. 

We learn I'rom this then that, when an object is 
placed between a convex lens and its principal focus, 
the image it forfns is virtual, erect, and magnified. 

So much then for the convex lens. Let us now 
turn our attention to the other — the concave lens. 
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This oi^e, you know, is thin in the middle, and^ 
thicker towards the edge, and* the effect is to caus^ 
the rays oj light which pass through it to diverge 
after refraction. Hence it is quite clear that such a 
lens cannot forfti a real •image on^ a screen, for its 
refracted rays cannot be brought to a focus. 



Look through this lens at the candle now, as you 
did through the other one, and you will see an upright 
image of it, but instead of being larger it is smaller 
tliaft the objeet itself. TliiS image, like the last, has 
no real existence; it is only* an illusion^ — a virtual 
image, — for the rays of light, which fall on the lens 
from tiie candle, carftiot possibly pass through the 
image, which appears 4)etween the candle and the lens 
• itself. ^ 

Summary of the Lesson 

1. When afl object is more tli<an twice the focal length from 
a lens, the image is real, inverted, and smaller. 

2. ^As the object aj>proaches nearer to the lens, the image 
increases rapidly in size, and is at a greater distance off ; but it 
is still inverted and real. 

3. AYhen the object stands in the principal focus there is no 

image. • 

4. AVhen the ol»ject is between the lens and its principal 
focus, the image is erect and ' larger, but it is only virtual 
image. 
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5. Images formed by concave lenses are virt;!jial, erect, and 
^smaller than the object. • 


" Lesson ^VIII 

Nature’s Optical Instrument — The Eye 

We have been learning a great many interesting 
and instructive things ab6ut lightyas one of the Natural 
Forces, but every step we liave taken must have made 
it more and more clear that all those wonderful pro- 
visions of Nature would have been worse than useless, 
if she had not at the same time endowed living 
crea-tures with suitable machinery, in the form of eyes, 
for appreciating them. 

I propose to talk to you now about the eye, which 
is, after all, the most wonderful optical instrument in 
thf. world — and one of Nature’s maj^terpieces. 

I have provided myself witlj* a fresh bullock’s eye 
from ' the butcher ; and after we have examined this 
one, perhaps you will be able to get another and 
examine it for yourself. 

You notice that the greater part of the ball is 
covered with a thick opaque co'at ; but this in front 
gives place to a^. clear, transparent, horny, circular 
plate, which is known as the cornea. 

Then, behind this window of the eye is a circular 
curtain, with a round hole in its centre. The curtain 
itself is called the iris, and it gives the colour to the 
eye. The round hole in it is called the pupil : it 
looks like a round black spot. 

I will now cut the eyeball in two with these sharp 
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scissors, you see that the operation requires care, 
as the outer coat is thick, tough, and leathery. * 

As the ^cutting goes on you observe that the ball 
is hollow, and that a clear jelly-like liquid flows out 
from it ; but, i^ioring this for the present, 1 must call 
your special attention to -the small, rounded, lozenge- 
shaped body, which divides tlie hollow ball into two 
chambers — a front and a back one. 

• This is known as the crystalline lens, and is made 
of clear transparent ^material* not unlike a tough kind 



* of gelatine. It is a double convex lens, like the glass 
lenses we have examined, and is capable of refracting 
light which passes through it. 

The small chamber between it and the cornea 
in front is filled with a clear liquid — the aqueous 
burilour ; and the larger chamber behind it contains 
the jelly-like liquid — the vitreous hutnour, which we 
saw oozing out when the eyeball was first cut.’ You 
observe that this liquid is something like the clear, 
unboiled white-of-egg in appearance. 

The cornea, as I have already pointed out, is the 
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window of the eye, through which all light uiust enter ; 
but the circular curtain behind it contracts and 
expands, to enlarge or dimiiiish the size of the pupil, 
so as to regulate the amount of light to be admitted. 

The light thus admitted is refracted by the trans- 
parent humours and the ponvex crystalline lens, and 
forms images on the back wall of the eyeball, just as 
our lenses have from time to time formed images on 
the paper screen. 

This brings me to notice the hinder half of the 
ball, and especiall}’’ the delicate, opal-white membrane, 
which lines the whole of its hollow surface. This is 
known as the retina; it io thickly spread with the 
nerves of sight, and they convey to the brain an 
impression of the image formed there. It is in this 
way that the sensation of vision is brought about. 

But we, ought to have a word or two more al^put 
that wonderful crystalline lens. 

You of course remember that, in an ordinary convex 
len6 rays from distant objects converge to the principal 
focus, while those from nearer objects find tlieir focus 
at different points according to tlieir distance from the 
lens. Put in other words, this means that the distance 
of the image from the lens in every case depends upon 
the distance of the object from it. 

The back wiill of the eyeball, with its network of 
nerves is, as J have just pointed out, the screen on 
which all images must be formed, or there can be 
no sense of sight ; and I need scarcely say that the 
distan-ce between it and the crystalline lens is a fixed 
one, and cannot be varied to suit objects at different 
distances. 

Let us see how nature provides for this. 
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You mugt have observed, during our investigation 
of different lenses, that the flatter the surface of the^ 
lens the greater its focal length ; and the greater its 
convexity the shorter the focal length. A flattened 
lens, that is to Say, produces its im^iges at a greater ^ 
distance than one which is* more convex. 

Now for the wonderful adaptation of this wonder- 
ful lens. Instead of being rigid like glass, it is very 
elastic, for it is made of tough gelatinous material. 

It can readily alter its convexity to suit the 
distances of all objects, and in this way sharp, clearly 
defined images of both near and far objects appear on 
the retina — the screen, that is, on the back wall of 
tile eyeball. 

• 

Summary of the Lesson 

l/t The cornea is ilic wiiidow«of the eye ; the ciystalline lens 
does the work oT refracting the light which is admitted. 

2. The retina is tfie screen on w^iich images are formexl. 

3. The nerves of sight carry the imjwcssion to the hrainf 

4. TSic crystalline lenstis able to alter its convexity, to adapt 
itself to objects at varying distances. 


Lesson XXIX 

Short Sight and Long Sight 

When, in our last talk, I described the eye as the 
most wonderful optical instrument in the world, of 
course I meant a strong healthy efe ; but unfor- 
tunately all eyes are not strong and healthy. 

In some the cornea and crystalline lens are too 
convex ; in others they are not convex enough, and 
either of these defects interferes with perfect vision. 
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As they are very common defects too, a few words 
’^of explanation will be'^iseful. 

Let ns commence with the first of these abnormal 
st-ates, which is commonly known as short sight. 

If you follow this dravdng, which shows you the 
eyeball in section, with its lens and cornea more 
convex than they should be, it will help you to under- 
stand what is meant by the term, short sight. 

Let 0 be any object at a distance, and from it I 
will draw rays Ori and 03 to meet the crystalline lens 
in a and h. All .-uch rays, of course, are refracted as 
they pass through the lens ; but owing to the too 
rounded form of the lens iii this particular case, these 



rays are brought to a focus too soon, so that the image, 
instead of falling on the retina, falls in front of it, and 
is blurred and indistinct. 

Persons with this defect are said to be short- 
sighted ; they have very indistinct vision for objects 
at a distance. 

But imagine now the same object nearer the eye 
at O'. The rays from near objects are more divergent, 
you know, than those from distant objects, and the 
rays O'ri' and 0)'3' which proceed from the object in 
this position will, after passing through the lens, come 
to a focus on or ftear the retina, and not in front of it, 
because, as the object approaches the lens, the image 
always recedes from it. 
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In this oase a clear distinct image is formed on the 
retina, and you will now unde^tstand why it is that^ 
short-sigh te^ people can see near objects clearly enough, 
although they cannot distinguish distant ones. 

Concave speelacles arenvorn as a, remedy for short 
sight, and you will at -once see the effect of such 
spectacles if you follow this drawing. 

The rays which strike this concave glass from the 
distant object 0, are made to diverge, so that they fall 
on the crystalline lei^ itself, ns if they had come from 
0' and not froni 0. 

In this way a natural focus is obtained, and the 
image is formed on the r^ina, as if the object itself 
werQ actually at 0^ and not at 0. 



Now let us turn oiy* attention to the other cohimon 
defect, which we call long-sight. The cause of this, 
as I have already pointed out, is that the cornea and 
the crystalline lens are not convex enough. In other 
words, both are too ilJlt. 

This flattening usually comes wij:h old age, and it 
accounts for the fact that elderly people cannot, as a 
rule, read the small print of a book, or see objects near 
them as distinctly as distant ones. * 

This drawing again will help you to understand 
the true meaning of the term, long-sigfit. 

Here we have a section of the eyeball, with its 
cornea and crystalline lens both too flat. 
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Let O be any object at a short distance from the eye, 
^and Oa and 06 rays from it falling on the crystalline 
lens. This flattened lens produces its images at a 
greater distance than a rounded one would, and the 
result is that the rays after refraction cannot find a 



focus anywhere within tlie' eyeball. Hence no image 
at all, or a very blurred and indistinct one, is formed 
on the retina ; and people with this defect have very 
indistinct vision for near objects. 

I may remind you once more of the general. rule 
that, as the object recedes from a lens, the image 
approaches nearer ; and then you will understand 
why it is that rays from distant objects, falling upon 
this flattened lens, find their focus within the eyeball, 



and form clear distinct images of those distant objects 
on the retina. 

People with long sight can see distant objects quite 
clearly, but cannot see things close to them. . 

To enable people with this defect to see near objects 
as clearly as distant ones, convex spectacles are used ; 
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and this di^iwing will show you the effect of such 
spectacles. * 

The rayg^Trom the near object 0 are made to con- 
verge as they pass through the convex glass of the 
spectacles, and after being Tefracted yi this way, they 
meet the crystalline lens if they came from the 
distant object O', and not •from the near object 0, and 
hence a clear image on the retina is the result. 

Summary of tue Lesson 

1. In ahort-sigLted ey^a the cornea and crystalline leifs are 

too rounded. ^ 

2. The remedy for this defect is provided hy concave 
sjfectacles. 

3. * In long-sighted eyes tlie cornea and crystalline lens are 
too flat. 

4. Convex spectacles provide the remedy for this defect. 


Lesson XXX 

Some of Man^ Optical Iisjtruments 

Our recent lessons on the eye, as Nature's masterpiece 
in the way of optical instruments, lead us now by easy 
steps to consider some of those other instruments and 
contrivances which man has inveniied and •made, to 
assist the eye where it is necessary. 

We have already seen that, from various causes, 
the eyes, instead of being strong and healthy as Nature 
made them, are often defective, some being unable to 
distinguish things at a distance, others having the 
same difficulty with objects close to them, and you 
know that these defects are remedied by the use of 
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spectacles, specially suited for short sight qr long sight, 
the case may be. ' 

But there are some things far too small, and others 
far too distant, for the healthiest and strongest eyes to 
see, and our next step will ^be to leatn what man, by 
his own clever invention, has done to assist Nature in 
such cases. 

Here is a very simple instrument, commonly known 



as a hand lens. It is merely a-convex or converging 
lens, set in a frame with a handle for holding it. 

If you take it in your hand, and look through it 
closely at different objects, you find that those things 
appear magnified or enlarged, and you yourselves 
probably know it as a magnifying glass. But 1 will 
now show you that its power for magnifying depends 
entirely on its distance from the object. 

Let us begin by liolding it close up to the page of 
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this book, and you will see by looking through it that 
the letters appear much larger than they really are. * # 

You rei^ember, of course, that when a lens is held 
close up to an object, whatever it may be, that object 
is between the l^ns and its principal.focus. 

You no doubt also renffember that, if a convex lens 
is held close up to an object in this way, it always 
gives an enlarged, upright, and virtual image. 

• Our lens then, in this position, is a magnifying 



glass, for it ^ shows ifpright enlarged images, not only 
of the letters in the book, but of ^11 objects when we 
look at them closely. 

Now move the lens slowly back from the book, 
and observe whfit happens. When it reaches a certain 
distance from the page the letters disappear altogether, 
and the lens shows nothing but a blafik white disc. 

I need scarcely remind you that we have seen this 
same sudden disappearance before, and you will doubt- 
S. R. VII L 
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Jess recognise that the printed page is now in the 
l^rincipal focus of the lens, where no image can be 
formed. Hence it is clear that in this position the 
lens loses its magnifying power. 

Now lastly observe what happens, as the lens is 
moved still farther back from the book. In this new 
position the letters reappear, but they are now 
inverted as well as magnified. 

This again is not new to us, for we know that the 
book is now just beyond the principal focus, and the 
lens at this distance always gives a real, inverted and 
enlarged image. For practical purposes, you see, the 
lens in this position again ceases to be useful as ? 
magnifying glass, because the image is inverted. 

Hence it is clear that the lens is employed as a 
magnifying glass in one position only, and that is when 
the object is between it and the principal focus. 

Convex lenses are uged as magnifying glasses by 

watchmSkers and en- 

gravers, to enable them 
to see clearly the intricate 
and delicate work on 

which they are engaged ; 
and they are also used 

by aged peopje as reading 

glasses, to assist them in 
deciphering small print. 

A lens employed in 
this way is a simple 

microscope. It serves 

the purj)ose for which it 
is used, but it cannot 

magnify objects to any very great extent. 
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CompoMnd microscopes are very elaborate in«tru; 
merits, and some of them are capable of magnifying aj^ 
object to njany hundred times the original size. 

They are all constructed on this same principle, 
but instead of a single lefts there ai;e two — one called 
the eye-piece, the other the object glass. 

The object glass givbs an enlarged image of the 
object, and the image itself is further magnified by 
the eye-pjece; and to assist these lenses a concave 
mirror is fixed in sudh a position as to throw all possible 
light on the object which is being examined. 

Summary of the Lesson 

1. A convex lens becomes a magnifying glass when it is held 
close up to an object. 

2. In this position it forms a virtual, erect, and enlarged 

imqife of the object. ^ 

• 3. When itfis held so that the object is in the jirincipal focus 

no image is formed.^ • 

4. When it is held still farther away from the object the 
image formed is real, iii'vgirted, and enlarged. 

5. A comi>ound microscope is fitted with two leflses — an 
object glass and an eye -piece. 


Lesson XXXI 

Another Optical Instrument-*-The TftiESCOPE 

Our observations have proved deafly enough that 
the eye, although such a wonderful and perfect instru- 
ment, is after all decidedly limited in its powers. 

It cannot see very small things, however close 
they may be ; and it is equally unable to see things 
of any kind, if they are at a great distance. 
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The microscope is man’s invention to show dis- 
tinctly objects that are far too small to be seen by 
the unaided eye, and it qj5Jcomplishes 
I this, as you now know, by producing 
I I magnified images of those very small 

j I objects. 

1r I Let us next turn our attention to 

I that other artificial contrivance — the 
i telescope — which enables an observer to 

; view things at a very great distance. 

; Ordinary telescopes are used for 

; viewing distant objects on land and 

I sea ; and tliese are called terrestrial 

i telescopes. Others are employed for 
j observing the heavenly bodies, and are 
; hence known as astronomical telescopes. 

reasons whicli you will un.^.er- 
c stand betjber as we go on, the astro- 
w / iiomical telescope is ItiSs complicated in 
y / structure than th^^ terrestrial, so it will 
/ peihaps be best confine ourselves to 

The essential parts of tliis telescope 
I I double convex lenses. One 

is of large diameter, and is called the 
Y\ . object glass, the other is smaller, but more 
/ \/ \ convergent, and is known as the eye-piece. 

A Each of these lenses is fitted into 

one end of a tube, and the eye-tube 
being smaller than the other slides easily into it, so 
that the eye-piece at one end of the instrument and 
the object glass at the other can be brought nearer 
together, or drawn farther apart at will. 
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you, follow this drawing it will help you to 
understand how the telescope* makes distant obiecta* 
visible. 

In it we have, as you can see, the two tubes, one 
larger than the* other, and at the end of the larger 
tube I have drawn the objact glass in section, with a 
line ruled through it at •right angles to represent its 
principal axis. 

• If then we take AB to represent some distant 
object, you know tj^at all i«ays from it must fall on 
the object glass in a direction parallel to the principal 
axis, and that these %*ays after refraction by the lens 
converge to the principal focus. 

* We will represent these parallel rays by dotted 
lines till they meet the lens, and it will then b^ easy 
to show them, as they converge and cross at the 
])rijjcipal focus. After pasging through the focus they 
fuoceed to h, where they form a real, inverted 
image of the object AB. 

Now let us turn our attention to the smaller lens, 

• • 

or eye -piece, which I will draAv in section •at the 
opposite end of the eye-tube. Thtf two lenses are so 
placed that the principal axis of one is in a line with 
that of the other. 

You observe that the image a.h is formed close 
up to this ‘smaller lens ; in fact it is between that 
lens and its principal focus. 

But this very image now becomes the object of the 
eye-piece, and you of course remeinbdt that in this 
position rays from it, after suffering refraction, pro- 
duce a virtual, upright and enlarged tmage a> ?/. 

This is the image which the observer sees on 
looking through the eye -piece of the telescope, and 
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jrou will readily discover that, although it is upright 
yith respect to the fitst image, it is inverted with 
regard to AB. 

This is of no consequence when viewing the 
heavenly bodies, but of course it would not do for 
other purposes, because e /erything would appear 
upside down. 

You will understand now why another form of the 
instrument — the terrestrial telescope — is used foi 
that purpose ; but it is too complicated for us to 
consider here. 


Summary of the Lesson 

1. Telescopes are eiii] Joyed to obtain views of very distant 
objects. 

2. The object glass forms a real inverted image of the 

object. ^ 

3. The eye -piece gives a virtual, upright, and enlarged 
image of the image formed bj- the object glass. 


Lesson XXXII 

Some other useful Lenses 

Spectacles, microscopes, and telescopes have been 
invented, as you .know, for the sole purpose of 
assisting the eye, in one way or another, to gain a 
more perfect vision than it could possibly get without 
such assistance. But besides these invaluable aids to 
vision, we have many clever optical contrivances in 
common use, and a brief notice of some of them will 
form a fitting close to these lessons on light. 

Suppose we commence with the well-known magic- 
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lantetn ; you will no doubt be interested to learn how 
it produces its pictures on the «heet. ^ 

The first essential of this contrivance then is 4 
very bright light, either from a lamp or some other 
source ; and thlb light is placed in the principal focus 
of a highly polished conc^v^e mirror, ‘fixed in the back ‘ 
wall of the lantern itself* 

If you carry your minds back for a moment to 
gur experiments with the concave mirror, you will 
remember that all the light which falls on such a 



mirror from its principal focus is reflected in parallel 
rays. 

Now notice in the next place the large convex 
lens, which is fixed in tiie front wall of the lantern, 
exactly opposite the •mirror. This lens is called the 
condenser, and all the parallel rays reflected from the 
mirror must fall on it. But a convex lens, as you 
know, converges all parallel rays of light towards its 
principal focus. The result of this t\fo-fold arrange- 
ment is that the light from the lamp, after* being 
reflected in parallel rays by the mirrft:, is refracted by 
the condenser, and made to converge towards its 
principal focus on the other side. 
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But in the path of these refracted rays stands the 
■glass slide, containing t^he picture which is to be thrown 
6ii the screen ; and it is clear that those rays must 
pass through this transparent slide. ^ 

Now in the next place observe tha^; in front of the 
slide is another convex lejis, not fixed like the con- 
denser, but movable. It can be moved to varying 
distances from the slide, but its nearest approach to it 
is rather more than the focal length. 

If you remember this fact, and our earlier experi- 
ments with the convex lens, you will readily under- 
stand the rest. 

The rays of light, after 'passing through the slide, 
fall on this front lens, and are again refracted ; aim 
these refracted rays produce on the screen a real, 
inverted, and greatly magnified image or picture. 

You know, perhaps, that in working the magic- 
lantern, we always place the slides upside down. 
The reason of course is now clear, ^or as the images 
produced by these lenses are always inverted, it is 
necessary to stand the object itself upside down, if we 
wish to get an upright picture on the screen. 

Now, in the next place, let us turn our attention 
to the photographic camera ; and as an introduction 
to it, I want you to carry your mind back to our 
pinhole experiment, which gave us an inverted image 
of the candle. 

You remember that for this experiment a small ' 
hole is bored in the bottom of a round tin canister, 
the inside of which is blackened with lamp-black. A 
cardboard tube, made to fit it exactly, is then closed 
at one end with a cap of tracing paper, and the closed 
end is thrust into the open end of the canister. 
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When we look into this cardboard tube, we see on the 
tracing paper screen an inverted image of the candle,; 
which stands in front of the pin-hole at the opposite 
end of the (!hniater. 

Here is the ^hole thii\g, just as we had it in the 
earlier lesson ; and you Ql^erve that, as the tube is 
pushed farther in, the i®iage on the screen becomes 
smaller, but at the same time sharper and more 
dearly defined ; while as it is drawn out, the image 



increases in size, but becomes blurred and less 
distinct. • 

Tliis contrivance is known as the pin-hole camera, 
and if we sifbstitiite a convex lens for the pin-hole, we 
shall have in it all the essentials oT the camera,* which 
is actually used in photography. 

The photographic camera is practically a rect- 
angular box consisting of two parts, one of which is 
fixed, the other capable of being drawn out, or pushed 
in like a drawer. 

In front of the box there is, in place of the pin- 
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hole, a brass tube, which forms the setting^ for a 
" condensing lens — thcb object glass, and ‘this too, as 
well as the box itself, can be moved backwards and 
forwards. ' 

Facing this lens on the ^opposite s(de of the box is 
a screen of ground -glass, >vhich can be removed at 
will ; and when the camera js placed before an object, 
an inverted image appears on this screen. 

The photographer’s first aim is to get a clear, 
sharply defined picture, and he accomplishes this by 
carefully adjusting the camera and its lens, till he , 
gets the correct focus. That done, he removes the 
ground -glass screen, and isubstitutes for it a glass 
slide, which has been sensitised, or made capable Of 
receiving and holding the image thrown on it by the 
lens. This part of photography, however, is depend- 
ent upon chemistry, and has nothing directly to do 
with our present inquiries' into light. ‘ 

, Summary of the Le^on 

1. 4 magic lantern is tlie comljiiied result of a' concave 

mirror and convex Iqrises. » 

2. The concave mirror reflects the liglit in parallel rays on ^ 
the condensing lens in front of it. 

3. The lens refracts the parallel rays, so as to mahe them 
converge towards its principal focus. , 

4. The picture thrown on the screen is a rea’, inverted, and 
greatly enlarged iniag^ of the painted glass slide. 

5. The photographic camera consists of a box with a 
condensing lens in front and a ground -glass screen at the back. 

6. Tlie picture, an inverted one, is first thrown on this 
screen Jby the lens. 

7. It is then made sharp and clearly defined by adjusting 
the camera and its lens. 

8. A sensitised glass slide, capable of receiving and holding 
the image, is then suustituted for the gmund-glass screen. 
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Lesson XXjQn 

t 

• Magnets 

I have here two pieces oWron-ore fop you to examine. 
If you take them in youf 'hands and compare them, 
you will find them so mudh alike, that it is impossible 
to tell one from the oth(3r, for both are hard, heavy, 
stony substances, and both are exactly the same colour 
— a rusty black. • 

As you cannot discover any difference in them, we 
will place them side*by side in this saucer of iron 
filings, and you shall tell me what you observe when 
you take them out again. 

Yes, I thought you would be surprised. You have 
indeed found a striking difference between these two 
speormens of iron-ore, and .you could not have dis- 
covered it in any other way^ One piecg has thick 
tufts of the filing^ clinging to it, 
but thg:e are no filin^j^ at all on 
the other. ^ 

^ .The fact is, the one kind of 
ore has the power of attracting small pieces of iron, 
• but there is no such property in the other specimen. 

This specjal kind*of iron-ore has been known from 
very ancient times. It was abun^lant thausapds of 
years ago in Magnesia, a province of Asia Minor, and, 
like many other things, took its name from the place 
where it was found, so that it came to be called a 
magnet, and magnetic iron-ore. 

All ores, of course, are natural products, and that 
explains why we sometimes speak of this as a natural 
magnet. 
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But it has another name, lodestone, ^nd tliat also 
requires some explandcion. I will place it, just as it 
is, in this paper stirrup, and set it 
swinging. You observe that, after 
swinging for some ^ time, it finally 
comes to rest with one end pointing 
in a certain ^direction. 

We will chalk that end, and set 
it swinging again, and you observe 
that when it coi;aes to rest this time, 
the chalked end points in the same 
direction as before ; and, more strange 
still, it wiK continue to point in that 
one direction as often as we test it. 
Because this inugnetic iron-ore 
always leads or points in one direction when it is 
freely suspended, it has taken the name of lodesi^tone, 
which really means leading-stone. 

Here is an ordinary steel knitting-needle. Observe 
that it has no power to attract the iron filings, if I dip 
it into them ; and if 1 set it swinging in the stirrup, 
it does not come Ho rest in the same position every 
time. Of course it is not a magnet. * 

But watch what Iiappens next, for it is almost like 
magic. 1 merely stroke the needle a few times from 
end to end with the x>iGce of lodestone, and you 
observe that, when it is thrust into the filings now, 
they cling to it in a thick tuft. Moreover, if 1 put it 
into the stirrup, and set it swinging, you observe that 
every* time it comes to rest, it points in the same 
direction. The ^leedle is now a magnet. 

You do not require me to point out that needles 
are not natural magnets, like the piece of lodestone, 
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for they are not dug out of the earth as a naturah 

product. Indeed, this needle was not a magnet when 

we saw it at first. ^ 

% 

It has been made a magnet, and that is why we 
call it an artificial magnet. • The ordinary steel needle 
was made a magnet by strdlfing it with the lodestone. 

Here is another artificial magnet ; it looks like a 
simple steel bar, but test it for yourself, and you will 
fihd that the filings cling to it, and that when it is 
suspended in the atirrup. It points constantly in 
one direction. 

Observe further tfiat when I draw the end of it 
a^few times along a steel *knitting-needle, it changes 
that needle into a magnet, just as the piece of lode- 
stone changed the other one. • 

Hence it is clear that tlje bar of steel is a magnet, 
for it has all the properties .we have discovered in the 
natural lodestone. ^ ^ 

Most of the inS-gnets made for use — artificial nmg- 
nets, as^we call them— ^are straight bars of steel like 
this, and are called bar magnets. But there is ahother 
foiyn of magnet, known as the horse*shoe magnet, and 
it is so named because tlie bar is bent round in^the 
.form of a horse-shoe. 

Now suppose we a step further. T place the 
bar magnet in the filings, 
and after seeing that it 
has been well covered, I 
take it out again for in- 
spection. You observe that the filings cling in\hick 
tufts at the two ends, that the tufts ^re equally thick 
at each end, and that there are none in the middle. 

This, of course, is sufficient to prove that all the 
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^attractive force of the magnet must be at its opposite 
ends ; that the force is equal at both ends ; and that 

' there is no attractive force at all in the middle of the 

( 

bar. It also leads me to explain that the two ends 
are called the poles of the magnet, while the middle of 
the bar, where there is nc attractive force, is known as 
the neutral line. ^ 

Now let us once more suspend the bar magnet in 
the stirrup, and set it swinging again. 

You observe, of course, that when it comes to rest, 
the same end, or pole as we now call it, points in the 
original direction, that is, tow^a'bds one, particular part 
of the room ; and if you think for a moment of your 
geography lessons, you will find that this particular 
part is the north end of the room. 

It is clear then that one pole of the magnet always 
points to the north, and hence this is known ear the 
north-seeking pole, because whenever a' magnet is left 
freely suspended, that pole always seeks the north. 

But if one pole points to tf\e north, it follows that 
the other must point to the south, and therefore the 
opposite pole, for'^similar reasons, has been named the 
south-seeking pole. 

You must henceforth speak of the two ends of 
magnet as the north-seeking and south-seeking poles ; 
and the line that joins the two poles is known as the 
magnetic axis. 

'SUMMAKY OF THE LeSSON 

1. Lodestone, itut^ral ni^net, and magnetic. ii‘oii-ore are three 
names for the sairib suljstance. 

2. This special kind of iron-ore has the property of attract- 
ing small pieces of iron. 
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3. It is called lodestone, or leading-stone, because when it is 
suspended it always settles to rest pointing in one direction. 

4. Artificial magnets are made of steel. Lodestone is not 
made ; it is for.nd as a natural product, like any other ore. 

5. All the attractive force of a magnet is at its opposite ends, 

which are called poles. ^ 

6. When a suspended magnet^comes to rest, one pole points 
to the north, and is called the north-seeking pole ; the other 
points to the south, and is known as the south-seeking pole. 


Lesson XXXIV 

Magnets aniw their Work 

We have seen that magnets, by virtue of a peculiar 
influence which they possess, are able to attract® and 
hold iron filings. Our next step in dealing with them 
ai^d^their wojk is, to find but how one magnet acts 
upon another, and witli this object in vitw we will 
commence once more with a simple experiment. ^ 
Here are some ordinary iron nails. I suspend one 
of them in the paper* stirrup, and place the other on 
,thk floating cork. Now observe that, when I bring 
this knitting-needle near„ the result- is the same in 
•each case. 

Both nails — the one in tlie stirrup, and the other 
on the floating cork — move towards the nfeedic, and 
you at once infer from this that the needle must be a 
magnet. , 

Well, you are quite correct in your inference. 
This knitting-needle is a magnet ; I n^de it a magnet 
in readiness for our lesson. It has the power of 
attracting the iron nail ; and the attractive force which 
it possesses is known as magnetic attraction. 
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But let us go a step further. Take the knitting- 
needle magnet in your'* own hand, and present each end 

Cl 



of it, in succession to the two nails. You observe that 
the result is always the same, for both ends, or poles, 



attract the naif with equal force, and the needle may 
be applied to any part of the nail. 

Now, place the knitting-needle magnet in the 
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stirrup, and# take the nail in your hand ; and as soon 
as the needle is quite still, brin^ the nail near it. 

You observe that this time it is the suspendecf 
needle whicti inj)ves towards the nail, for the nail is 
held in the hand and caninft move. . 

Of course the needle oonld not move of itself. It 
moves because the iron njtil attracts it ; and hence we 
see that there is mutual attraction between the mag- 
net and the iron nail. The magnet attracts the nail, 
and the nail attracts .the magnet. 

Now, while the needle is still suspended, apply the 
nail to each end of it* in succession, and you observe 
that the needle every tirne moves towards the nail, 
because attraction takes place at either pole. 

Let us pass on from this to find out how# one 
magnet acts upon another. 

k have here two other k^jitting-needles, and if you 
test them in*the usual way with the filings and the 
stirrup, you will fitid that both possess the well-known 
properti^es of a magnel^ — they attract the filings, and 
they also point to the north when freely suspendled. 

^ Both the needles then are magnets ; they were 
magnetised, or made into magnets, in readiness for the 
.experiment. That being *so, before we go any further, 
let me remind you fliat all the force wliich each one 
is capable of exerting is at its two epds, and Jhat^ these 
ends are called the poles of the magnet. 

Having made this clear, we will suspend one of 
them in the stirrup in the usual way. * Then if you 
take the other in your hand, and present each of its 
poles in succession to the same pole of the suspended 
needle, you at once observe that one pole attracts it, 
the other drives it away. 

S. R. VII 
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Then present both poles in succession to the other 
end of the suspended needle, and exactly the same 
tiling happens. One pole attracts ; the other repels. 

I will now repeat the experiment, , with one of the 
needle magnets balanced on a cork floating in a bowl 
of water, and you see that the result is still the same. 
Each pole of the needle magnet which I hold in my 
hand attracts one pole of the floating needle, and 
repels the other. 



The result is exactly the same if I substitute one 
of the bar magnets for the suspended needle magnet, 
and present to each of its ends i,i succession the two 
poles of the other. One pole attracts the suspended 
magnet ; the opposite pole, presented to the same end, 
repels it. 

Now let us examine these bar magnets, and see 
what we can make of (|jll this. 

You notice that one end of each magnet is marked, 
and you know that this is the north-seeking pole, and 
the opposite end the south-seeking pole. 
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Take t|jis one in your hand by the south-seeking 
end, and present the opposite •end, that is the north- 
seeking pole, to the similarly marked end of the sus- 
pended magnet, and you observe that the moment 
this is done tfie suspended magnet flies off. The 
one in your hand repels it,*or drives it away. 

Now in the next place bring ‘the same pole of 
your magnet to the south-seeking pole of the sus- 
pended magnet, and you find that the result is equally 



clear, for the suspended* magnet is at once attracted 
towards the other. • 

Lastly, repeat the experiment with the south- 
seeking pole of your own magnet, and you observe 
that it attracts the north-seeking pole of the suspended 
magnet, and repels the south-seeking ptfle. 

These experiments then ^ake it clear that, the 
north-seeking pole of one magnet fepels the north - 
seeking pole of another, but attracts its south-seeking 
pole ; while the south-seeking pole of one repels the 
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south-seeking pole of another, and attract its north- 
seeking pole. ‘ 

This is put in simple language by saying that like 
poles repel, unlike poles attract ; and thesd two state- 
ments constitute the first law of magnetism. 

Summary of the Lesson 

1. A magnet attracts iron and steel at both its poles. 

2. A piece of iron atti-acts a magnet, when presented to 
either pole. 

3. The magnet attracts the iron ; the iron attracts the 
magnet. 

4. Repulsion, as weJl as attraction,* takes place between two 

magnets. » 

5. Like poles rej)el ; unlike poles attract. ( 


Lesson XXXV 

% 

Maunets and Magnetic Substances 

In our experiments thus far with the suspended 
magnet, we have employed the rough - and - ready 
method of placing' it in the paper stirrup, and leaving 
it free to swing. We will now go a step further. 

This little instrument is chilled the magnetic needle, 
and it consists, as you see, of tWo parts — an upright 
stand witli a jjointed top, and a long thin strip of 
steel which rests upon it. 

This strip of steel is the most important part of 
the contrivance — in fact it does all the work, the 
stand 'being only a support for it. 

It is commohly known as the needle, although a 
glance is sufficient to show that it has no sort of 
resemblance to an actual needle. 
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You olijerve that it is pointed at both ends, and 
that one of the ends is marked* 

It has a small brass cap in the middle, and this 
cap rests on th^ point of the upright steel rod. The 
needle in fact balances its(5lf on this, point, and is free ^ 
to move in a horizontal plane, just as it would be if 
it were suspended in the ‘stirrup. 

Watch it as it swings round, and note that W’hen 
ft comes to rest, its marked end points to the north. 
That, of course, leacfe us to ‘infer that it is a magnet, 
and if we dip it into iron filings, we get a further 



proof of this, for you see the filings cling td it as 
tl^ey do to all magnets. * 

* Yes, the needle is a magnet, although it is neither 
. a bar, nor a horse-shoe ;* it is an artificial magnet in 
another foriii. * ■■ 

Since we know then that the ijeedle is, an ^actual 
magnet, our next step must be to learn how it is used. 
We will therefore replace it on the pivot, and proceed 
to test it. 

Bring the marked end of the bar magnet near the 
marked end of tlie needle, and you observe that the 
needle at once flies back ; the bar magnet repels it. 

Now present the opposite end of the bar magnet 
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to the same end of the needle, and you see that this 
time the needle is attracted to the bar magnet. 

' We will next repeat both tests at the- unmarked 
end of the needle, and we find that the ^bar magnet 
produces the sarpe results nt that end. One pole of 
the bar magnet repels the needle ; the other, presented 
to the same end, attracts it. * 

Now why does the bar magnet first repel and then 
attract the needle ? 

Ah ! I am glad to see you < have not forgotten. 
The marked ends of both the needle and the bar 




magnet are north-seeking polesr, the unmarked ends 
of both are south-seeking poles. ‘ 

Like poles repel, and tlierefore the marked end of 
the bar magnet repels the marked end of the magnetic 
needle, and the unmarked end of one repels the un- 
marked end of the other. On the contrary, unlike 
poles attract, and that explains why the marked end 
of one attracts the unmarked end of the other. 

Nqw suppose we leave the magnetic needle for the 
present, while wg take our next step. 

I have here a saucer filled with small leaden shot, 
and on the table there are some little piles of copper 
and brass filings, sawdust, sand, and bran, and I want 
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you tfi thrust the bar magnet into the midst of each 
of them in succession. • 

You observe that none of these things cling te 
the magnetf for it comes out every time exactly as 
it was thrust ifito them. • On the other hand, when 
the same magnet is dipped into the iron filings and 
taken out, it brings a thick tuft bf the filings out 
with it. 

• Take this bar of iron now, and hold it near either 
end of the magnetic ^eedle, and you observe that the 
needle moves towards the iron. Eepeat the same test 
with this bar of wood, and these strips of copper, 
lead, and brass. There is a distinct difference this 
flme, for you see the needle makes no movement. 

If I ask you why the iron filings cling to the 
magnet, you will readily tell me that the magnet 
attracts them ; and if I again ask why the magnetic 
iteedle moves^towards the iron bar, you will be e(|ually 
ready in explainii*g that the iron attracts the magnet, 
for you know that there is mutual attraction bet\<feen 
the tvro. * • 

These experiment!^ prove that,* although mutual 
^ attraction exists between a magnet and iron, there is 
no such attractive force* between the same magnet 
and copper, brass, lead, wood, sand, or -bran ; and 
that naturally leads us to compare this magnetic 
attraction with the attraction of gravitation. 

The force of gravitation, you remember, causes 
every particle of matter of every kind id attract every 
other particle of matter ; but the force which a iflagnet 
possesses will only attract certain bodies, and they are 
therefore known as magnetic substances. 

Hence iron, and of course steel which is a form of 
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iron, are magnetic substances, and the other thiligs on 
the table are not. * 

' Any substance which can be attracted by a magnet, 
or can itself attract a magnet is a mAgnetic sub- 
stance; and besides iroiu and steeS, certain other 
metals, such as nickel and„cobalt, have this property, 
but in a lower degree. 

Now let us once more bring both ends of the iron 
bar in succession near each pole of the magnetic 
needle as before, and you observe that each end of 
the bar attracts each pole of the needle. 

That done, repeat the test »vith the bar magnet 
instead of the iron bar, and* you find that each pole of 
the bar magnet repels one pole of the needle, anVl 
attracts the other. 

You must keep this difference well before you, for 
it affords the surest test for distinguishing a magnet 
from a mere magnetic substance, « ' 

Any ordinary piece of unmagnetised iron will 
atti‘act both poles of the magnetic needle ; but if the 
substance we are testing repels* the needle at either of 
its poles, we may ke sure that it is not only a magnetic 

substance, but an actual magnet. ' ' 

« 

Summary of the ‘Lesson 

1. Tlie ihagrietic needle is a small artificial magnet balanced 
on the point of an upright steel rod. 

2. It is free to move in a horizontal plane. 

3. It is niad(f of a long, thin strip of steel, pointed at both 
ends. ‘ 

4. Like every 9ther magnet, it has its north -seeking and 
south -seeking poles. 

5. Each pole of a magnet repels a like i>ole of the needle, 
and attracts its unlike pole. 
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6. Magnetic attraction is limited to certain substances. 

7. Anythfiig which can attract, ojj be attracted by, a magnet 
is a magnetic substance. 

8. A magnetic substance attracts both poles of the needle. 

9. RepulsAn is the only sure test for a magnet. 


Lesson XXXVI 

The Force of Magnetism 

• * 

Here are two steel bars, and although there is 
nothing in their app^farance, size, weight, or any other 
particular to distinguish them, I happen to know that 
one of them has been magnetised, and the other has 
not. . 

Of course both are magnetic substances, but it is 
onlj when we apply certaii^ tests that we find, in one 
(fr them, a sdbtle, hidden force, which the other does 
not possess. • 

We call this force^ magnetism ; but although we 
can observe wdiat it does, it is not an easy matter to 
sa^ what it is. Hence many atfflempts have been 
•made to solve the question. 

Suppose we have a little experiment now, to see 
what we can learn about it. 

Take this piece of thin steel wire in your liaiid, 
and prove to me, by the quickest and surest test, 
whether it is a magnet or not. 

Good ; I thought you would remember our latest 
test for a magnet, because although it is infallible, it 
is so simple. You merely bring one*end of the wire 
near each pole of the magnetic needle in succession, 
because you know that while a magnetic substance 
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attracts both poles, a magnet always attracts one pole 
and repels the other ;* and repulsion is the surest and 
best test of a magnet. 

In this case you observe that the wire ‘attracts one 
pole of the needle, and repels the either, and if you 
test the opposite end in similar manner, you will 
get the same result. 

•This is quite enough, not only to tell you that the 
wire is a magnet, but also to distinguish between its 
north - seeking and south - seeking poles. We shall 
want to recognise these two poles presently, so we 
will put a mark on the north-seeking pole. 

Novi{ follow carefully what I do next. I find by 
measurement the middle point of the wire, and yofh 
reme;nber of course that in this part of a magnet, 
which is known as the neutral line, there is no 
attraction. 

But I will cut the wire in two at t?his point, an\i 
then if you test both pieces with the help of the 
magnetic needle, you will no doubt be surprised to 
find that each half is a perfect magnet, one end of it 
being a north-seefking pole, the' other a south-seeking 
pole. ' ' 

Observe also what happens when I cut each of 
these in two across the middle^ in the same way as 
before. We have now four pieces instead of two, and 
if you test them "with the magnetic needle, you will 
find that each one of these is a perfect magnet, with 
its north-seeking and south-seeking poles. 

Moreover, if I cut these again one by one in the 
same way, and '‘test the eight separate pieces, I shall 
^nd they are eight perfect magnets, and that each one 
has its north-seeking and south-seeking poles. 
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Th*ese r^^ults naturally lead us to infer that, if the 
cutting and testing were confinued till the pieces 
became too small to hand^ every little piece would 


frove to be a perfect magnet, one end of which wopld 
be a north-seeking pole, and the other a south-seeking 
pole. 

Now for another interesting experiment. 

I fill this test-tube loosely with steel filings, and 
present each end of it to both poles of the magnetic 
i^pedle in succession. 

You observe that attraction takes place at each 
pole of the needle, and that there is no reputsion. 
Therefore it is clear that the filings in the tube, although 
made of steel, which is a magnetic substance, cannot 
satisfy our test for a magnet. . • 

But watch the *next step. I stroke the tube slo^dy 
about 4 dozen times f^m end to end with one of the 
poles of the bar niagu^t ; and as the stroking goes on, 
jj^ant you to observe that the little particles of steel 
move, and arrange themselves in a line with the tube, 
• or in other words, in the direction which the bar 
magnet takes, • 

Now that you have seen for yourselves ttiisjiiove- 
rnent among the filings, I will present first one end of 
the tube and then the other to eaclj pole of the 
magnetic needle in succession *; and as this is, done 
you observe that, at each of its ends it now attracts 
one pole of the needle and repels the other. 

The fact is, its opposite ends are now north-seeking 
and south -seeking poles. It acts like any other 
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magnet, because for all practical purposes it is a 
magnet. It was magnetised by the bar magnet when 
\he filings arranged themselves in order, end to end. 



But we have not done yet. Look ; 1 will shake 
the tube so as to disturb its contents, and if you 
examine it now you will see that the filings are no 
longer arranged end to end, but point in’ all directions. 



Take it as it is now% and test it as before with the 
magnetic needle^ and you will find that attraction takes 
place at each test ; there is no repulsion. Hence it is 
clear that the tube of filings is no longer a magnet. 
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Now suj^ose we compare our tube of filings with 
the piece of magnetised steel wiA. The results of our 
experiment with the wire, you remember, led us t<f 
infer that e\%ry jittle particle of it must be in itself a 
perfect magnet, and that the north-seeking poles of all 
of them pointed in one dkection, the south-seeking 
poles in another. • 

Hence we may njiturally assume that, if we could 
break one of these little pieces into smaller and smaller 
particles, each would in like manner be a perfect 
magnet. But even when we have broken matter up 
into the smallest possMe pieces, each of these minute 
particles is really a mass of molecules, too small to be 
seen even with the microscope. 

These considerations lead us to the further assymp- 
tion that, every molecule of matter in a magnet is itself 
a ii^gnet, and has its north-seeking and south-seeking 
poles. • ^ 

You remernbei* that wlien we first saw the filings 
they filled the tube, but in no particular order, an^ as 
a mere magnetic substance they then attracted both 
poles of the magnetic needle. Iif that state they 
Yesembled the molecules in a piece of unmagnetised 
steel. 

When however they were magnetised^ we saw them 
arrange themselves in order end to end, and then tliey 
attracted one pole of the needle and repelled the other, 
as every magnet does. 

Our fint^l conclusions, as the, result of^ these experi- 
ments, are that the molecules of a magnetic substance 
are massed together without any particular arrange- 
ment, but that a magnet has the power of causing 
these molecules to arrange themselves in distinct 
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regular order, end to end, and when they are so 
arranged, the magnetic substance becomes an actual 
'magnet. 

Then, it is assumed, each molecule^ becomes in itself 
a magnet; and in these* molecule -magnets all the 
north -seeking poles point, in one direction, and of 
course all the south-seeking poles directly opposite. 

Summary of the Lesson 

1. If a magnet in broken into two iialves, each half becomes 
a magnet, and has its north-seeking and south-seeking poles. 

2. If both these pieces are broken in halves, and each of 

those halves is broken again in the same way, every fi*agmeiit 
thus made is found to be a })erfect magnet. ' 

3. The filings in a glass tube can bt* magnetised by a bar 
magnet. 

4. When so magnetised they arrange themselves end to end 
along the tube. 

5. The tube of filings in this condition is a magnetj with 
nortli-seeking and south-seeking poles. 

,6. The molecules of a magnetic substance can be forced by a 
magnet to arrange themselves in regular order, end to end. 

7. Sach molecule then becomes a magnet. 

8. It has all its, north-seeking poles pointing in one direc- 
tion, and all its south-seeking poles pointing exactly opposite. , 


Lesson XXXVU 

4 

Magnetic Induction 

These, little experiments of ours are more than 
usually interesting, because they are so simple that 
you can afterwards repeat them for yourselves. Let 
us have one or two more now. 

I have here two pieces of wire, of exactly the same 
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length* and# thickness, one steel, the other soft iron. 
You will not be surprised that,* when I dip them into 
this heap of iron filings they come out clean, witK 
none of the flings clinging to them, because you know 
that iron and steel are mere magnetic substances, not 
magnets, and that magnetie substances have no attrac- 
tive force. • 

Now observe what happens when I place the steel 
Wire on the table and bring one of the poles of the 
bar magnet close up to it. The magnet, you see, not 
only attracts the steel, but is able to raise it from the 
table, and support it, hanging by one of its ends. 

^ But suppose you take the other bar magnet in your 
hand now, and try to do the same with the piece of 
iron wire. Yes, you see your magnet is able to#raise 
and support the iron wire, just as mine supports the 
steel. • 

Now whil§ both are hangii^ from the pagnets, we 
will dip them idto the iron filings once more and 
watch the result. Yc^ observe that when they are 
withdrawn there is a^ tuft of filings clinging to the 
eiyi of each of them ; but 
you notice, too, that the tuft 
.at the end of the iron* is 
bigger than tljat whiclT clings 
to the steel.* In other words, 
you find that the soft iron 
takes tip more filings than 
the steel. 

Now follow me, and do 
with your iron wire exactly 
what you see me do with my steel wire. T take the 
wire between the finger and thumb of my left hand. 
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and gently remove the magnet which I ihold in the 
other. You do the same, and observe that the filings 
drop at once from both wires ; but you see further 
that, while the iron is left clean, the f teef has some of 
the little particles still clinging to it. 

Let us follow this up, mid see what is to be learnt 
from it. 

To begin with then, you know that the iron and 
steel wires were at first mere magnetic substances with- 
out any attractive force, and you saw for yourselves 
that each acquired attractive force, when the magnet 
came in contact with it. 

The magnet, in fact, seemed to exert an influence 
over both of them, although it had less influence over 
the steel than over the soft iron, for the steel attracted 
fewer filings than the iron. 

The simple truth is tliat, while they were under 
this influence, the iron ^and steel themselves became 
magnets ; and when that influence* was removed, both 
of them lost their magnetic, force — the iron im- 
mediatfely, and the steel more gradually. 

In view of this we might call them both temporary 
magnets, in contrast with bar magnets, horse -shoe 
magnets, and magnetic needles, which retain the 
magnetic force originally given them, and are there- 
fore, properly spealdng, permanent magnets. 

It is clear then that these pieces of iron and steel 
became temporary magnets, while they were under the 
influence of tfie bar magnet ; and it is usual to speak 
of that influence as magnetic induction. The iron 
and steel are said to have been magnetised by induced 
magnetism ; and for a like reason, the magnet which 
exerts this influence is called the inducing magnet. 



MAGNETIC INDUCTION 


177 


Now leU US go a step further. I dip the end of 
the iron wire into the filings once more, and then very 
carefully bring one of the poles of the bar nmgnel 
near the upper %nd of it, without allowing the two to 
touch. 

Of course the wire, as*{r mere m^ignetic substance, 
had at first no attractive Torce for the filings ; but you 
observe that they are now attracted to it, and cling to 
il in a tuft as before. The wire, although not in con- 
tact with the magnet, is uncfer its inducing influence. 
Hence we see that an inducing magnet is able to in- 
duce magnetism in soft iron without coining into actual 
contact with it. 

But you also observe that the tuft is not so big as 
when the magnet and the iron were in touch, and you 
see that when the bar magnet is removed the filings 
a^t ctfice fall away. • 

Now watcfi while I repeat Jbhe experiment with the 
steel wire. * ^ 

As ^before, T bring j/he bar magnet near the top of 
the wire, without lettpig the two come into contact, 
aq^i you observe that this time tfie filings are not 
attracted, as they were to the soft iron. , 

, Without actual contact the inducing magnet has 
little if any .inHiience over steel, altho^igh it ref^dily 
induces magnetism in soft iron uader the «am^ con- 
ditions. 


Summary of the Lesson 

1. Soft iron becomes a temporary magnet by induction 
without contact. 

2. Steel, even when in contact with the inducing magnet, is 
but slightly magnetised. 

S. R. VII 
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3. Soft iron loses its magnetism iinmediatelji the inducing 
magnet is taken away. ' 

4. ^Steel retains for some time what little magnetism it has 
received from the inducing magnet. 


Lesson XXXVIII 

Poles of a Temporary Magnet 

Before taking our next step, it will be advisable to 
think over all we have lately learned about induction. 

Our last experiment, you remember, proved clearly 
enough that soft iron becomes a temporary magnet by 
induction, even without coming into contact with the 
inducing magnet; but if it is allowed to touch the 
magnet, the induction is more rapid and more powerful. 

Steel, on the other hand, is affected to a very 
slight extent by induction,! even when it is in contact 
with the imlucing magnet. But strangely enough, it 
retains that slight amount of induced magnetism for 
some time after the inducirif magnet is removed : 
while iron loses its magnetism immediately the induc- 
ing magnet is taken away. 

Ifow let us have another experiment. 

I have here a bar of soft iron, and to show you 
that, it has no magnetic force, I will dip dt into these 
filings. It comes out, you see, as clean as it went in. 

That point being quite clear, I will now lay it 
across this glass tumbler, and on a similar tumbler 
I will place the bar magnet, so that the two are in a 
straight line, but not in contact. 

Now hold some filings close to the opposite end of 
the soft iron bar, and observe that they cling to it. 
Why is this ? 
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0^ courije you will at once tell me that the iron 
bar is now a temporary magnet — that the permanent 
magnet has induced magnetic force in it, and tha^ thft 
induced mafnet^m attracts the filings. 

See, I can easily prove all this .by removing the 



bar magnet, for immediately I do so the filings drop, 
Rowing that the iron bar has lost its magnetism. 

Suppose we replace the bar magnet now, and stand 
the magnetic needle on the farther side of th^ iron 
bar. You observe that, when the needle comes to 
rest% it points in a line with the inducing magnet and 



the soft iron bar. It will not rest in any other posi- 
tion, because the iron bar, as a temporary magnet, is 
now attracting it. . * 

But perhaps you are not sure that the nee'dle is 
being attracted by the temporary magnet, so I will 
prove it to you in a simple way. 

Remove the iron bar, and you observe that the 
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* . 

needle immediately veers oflf* in some other direction. 
The permanent magnet remains there, yon see, but 
the needle, where it stands, is beyond the reach of its 
magnetic force, and is not affected by /t. 

!N'ow replace , the iron ' bar once more, and you 
observe that the needle Mmnediately resumes its old 
position in a line with it and the permanent magnet. 

Hence it is clear that the needle is attracted by the 
soft iron bar, as a temporary magnet, and not by the 
bar magnet itself. » 

Let us, in the next place, examine the bar magnet 
a little more closely, and we find that the end of it 
nearest tlie iron bar is a north -seeking pole ; and if 
after this we pass on to examine the farther pole of 
the nteedle — the one which points in the same direc- 
tion — we shall find that to be also a north-seeking 
pole. , 

It is cl^ar, therefore, that its opposite end — tlie 
one nearest to the iron bar — must be a south-seeking 
pole. 

I may here remind you that the needle is being 
acted upon by the soft iron bar, not by the permanent 
magnet, and that like poles rej)el, unlike poles attract. 

This will be sufficient to prove to you that, as the 
south-seeking pole of the needle is attracted by one 
end of tl^e temporary magnet, that end must be a 
north-seeking pole; and consequently the opposite 
end must be a south-seeking pole. 

It is clear from this that the north-seeking pole of 
the permanent magnet induces temporary magnetism 
in the soft iron bar, making its nearest end a south- 
seeking pole and its opposite end a north-seeking pole. 

The north-seeking pole of the temporary magnet, 
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in its^ turn, •then attracts the south-seeking pole of the 
needle, and repels its north-seel^ing pole. 

You shall now repeat the experiment for yourselvel, 
but this time wf. will reverse the position of the per- 
manent magnet by placing its southgseeking pole near 
the iron bar, and you will* then find^that all the other 
•poles will be reversed in Tike manner. 

* SUMMAUY OF THE LeSSON 

1. A permanent magnet induces temporary magnetism in a 
soft iron bar placed in a line with it. 

2. The inducing jiole repels a like pole in the iron bar, and 
attracts an unlike pole. 

• 3. A magnetic needle placed on the farther side of this tem- 
porary magnet is attracted by it. 

4 That pole of the needle, which is thus attracted, i.^unlike 
the pole of the temporary magnet which attracts it. 


Lesson XXXIX 

Moke •ABOUT iNuucpoN 

We have still a few more interesting experiijients 
• in illustration of the principle of induction. Let us 
commence W-day with the one whicU is comn^only 
known as the magnetic clnaiii. • . , 

I have here a number of small soft iron rods, and 
T begift by attaching one of them to a ^ole of the bar 
magnet. Either pole, of course, will serve the purpose, 
but this time it shall be the north-seeking pole. 

You observe that the iron clings to the magnet, 
and you know that, in this position, it has itself 
become a temporary magnet by induction. That being 
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SO, it is clear that the end of it, which is •-in contact 
with the permanent magnet, must be a south-seeking 

pole, and consequently 
the loweBT en(f is a north- 
seeking pole. « ' 

Now I will add a 
'second rod to the lower/ 
or north -seeking pole of 
tliis one, and you observe 
that &,ttraction takes place 
between the two, for the 
second rod clings to the 
first. 

But you will at once remind me that this one, like 
the first, has now become a temporary magnet by 
induction ; and that being the case its upper end must 
be a south-seeking, and 
its lower end a north- 
seeking pole. 

Now follow me 
while 1 continue to 
add rod after rocf to 
the peries, until the 
bar will support no 
more; and then we 
will brijag t^ie magnetic 
needle near the lower 
end of the last piece. 

When that is done, 
you observe, by the 
deflection 'of the needle, that this lowest end of the 
lowest rod is a north-seeking pole like that of the 
inducing magnet. 
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YUe can make a similar arrangement with small 
iron nails, or with iron rings, rfind as in each case it 
consists of separate links held together by magnetic 
force, it is usually called a magnetic chain. 

You understand, of course, that in their present 
position, all these separate links Become temporary 
^magnets, and that each induces magnetic force in the 
one below it. 

V Let me prove to you the temporary nature of the 
magnetism in the whole chain. You see, I have only 
to take the top ro3 be- 
tween the finger and 
thumb of one hand, and 
gently remove the magnet 
which I hold in the other, 
and the whole chain falls 
to pieces, because feach 
jrodT immediately loses its 
magnetism- « 

You must have noticed 
how careful I always ^!tn 
in putting away •our 
•Jilagnets after each lesson, 
and of course you would 
• like to know the reagon for all this care. 

Here is the horse-shoe magnet just^as it was put 
away, and I want to call your special atteiftion to the 
piece of iron which clings fast to its two poles. 

This is called the keeper, and whei^ a magnet is 
not in use, it is never left without its keepeiC- • 

We will remove the keeper nov^ and proceed to 
examine the magnet itself. In the first place, then, 
let me remind you that this form of m»ngnet is simply 
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the bar magnet bent round in the shape of a horse- 
shoe. The marked en«l is the north-seeking pole ; the 
unmarked end is the south-seeking 
pole. f 

Now take the magnet in one^ hand 
and the keeper in the other, and bring 
th^m close together. You observe that, 
when the keeper approaches near the 
poles of the magnet, it is strongly 
attracted and held fast. 

r 

The keeper, you remember, is only 
a piece of soft iron ; and if you think 
for a moment of some of our recent experiments, you 
will at once understand that in this position it 
becomes a temporary magnet by induction. 

The north-seeking pole of the permanent magnet 
induces south-seeking magnetism in the end of the 
temporary magnet nearest to it, and repels north** 
seeking magfietism to th6 opposite end. 

At the same time the south-seeking pole of the 
perniaivent magnet induces nSfth-seeking magnetism 
in tlie end of the temporary magnet nearest to it, and 
repels south-seeking magnetism to the opposite end. ' 

It 'is clear from this that at each of its poles the 
permanent magnet holds this < soft -iron temporary 
magiiet fast b/ the attractive force of that pole, and 
also by the repelling force of the opposite pole. 

The piece of soft iron, acting as a temporary 
magnet, prevents the magnetic force of the permanent 
magnet from passing away, and hence its name — the 
keeper. It keeps or preserves the balance between 
the two poles of the magnet. 

Look at these two bar magnets in their wooden - 
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box, j list as ^ they were put away when we last used 
them. You observe that as they lie there, the north- 
seeking pole of each is at the same end of the box a» 
the south-seikinj pole of the other, and in this respect 
they resemble .the horse-sh©e magnet, for the opposite 
poles are side by side. , . 

• You see, too, that they are provided with a pair of 
keepers — one at either end, and of course you will 
diipect that they act in precisely the same way as the 
keeper of the horse-shoe magnet does. 



So they do, for each piece of soft iron becomes a 
temporary magnet by induction, and in that state 
Iceeps or pres^ves tlie balance between the opposing 
poles, and •so prevbiits the magnetic force from being 
lost. 

SUMMAW OF THE Le^ON ^ 

1. A magnetic chain consists of several pieces of soft iron, 
bringing end on end from tlie •pole of a permanent magnetr 

2. Each piece of the cjiain becomes a temporary magnet by 

induction. • • - , 

3. The whole of tliem lose tlieir m{^iietic forge when the 
inducing magnet is removed. 

4. Tl^e keeper is a piece of soft iron whicli is attached to the 

poles of a horse-shoe magnet, or the opposite ig)les of a pair of 
bar magnets when they are not in use. ^ 

5. When it is in contact with the magnet, or magnets, it 
becomes a temporary magnet by induction ,• and prevents the 
permanent magnet from losing its force, 
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Lesson XL 

^ A Magnet’s Sphere of Influence 

« 

111 our recent experiments we have jjraced some of 
the effects of a magnetls^ influence, both when it 
touches the magnetic substance, and also when the 
two are not in actual contact. 

Let us in the next place see how far this influence 
extends. 

I place the bar magnet on the table, cover it with a 



sheet of drawing-paper, and then sprinkle a few irorf 
filin'gs from the dredger on 'the paper itself, giving it 
a few taps with the finger to ^scatter the filings as' 
thef fall. * 

You observe that the filings collect in tufts at the 
two ends of the magnet, just as they would if it were 
uncovered. 

I will now remove the paper, and substitute for it 
this sheet of cardboard, and then you shall repeat 
the experiment yourself. The result, you see, is pre- 
cisely the same j and so it will be, if we replace the 
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cardbdkrd with a sheet of glass, or a piece of wooden 
plank. * 

The magnet exerts the same influence through all 
these substahcesf 

Take the sheet of ' glass* now, and, hold it out in a 
horizontal position in front- of you.^ I will lay this 
piece of soft iron on it, aifd then if I move one of the 
poles of the bar magnet to and fro across its under 
shrface, you observe that the iron is attracted by the 
magnet, and follows its movements in every direction. . 

Now, while I hold the magnet there, you shall drop 
some filings on the piece of iron, and as they fall they 
cling to it, because it is now a temporary magnet by 
induction. 

But notice further, that the moment I remove, the 
bar magnet, the filing§ fall away from the iron. 

Ihese little experiments i^iiake it clear that magnetic 
force acts thrt)ugh all these substances — paper, card- 
board, woJd, and glass. 

We will next substijjute this piece of soft sheet- 
iron for the glass, and^you see at once that no 'action 
takes place now. Magnetic force do?s not act through 
iron, for iron itself is a magnetic substance. 

, Now suppose we go a step further. I will lay the 
bar magnet oij the taflle again, and covej it as before 
with the sheet of cardboard. But, this tiit;e, instead 
of sprinkling a few iron filings on the covering sheet, 
I shall dredge them thickly all over it. 

You observe that, as 1 tap the cardboard with my 
finger, the filings cluster thickest round the opposite 
poles of the magnet ; and you notice* too, that from 
those poles they arrange themselves in certain definite 
curves. These curves, you see, commence at one pole 
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and end at the other, and are practically parallel to 
each other. 

They are generally known as the lines of force, 
because they show the direction in which the magnetic 
force acts. ‘ " 

But if we examine them more closely we find that 
all these little particles of irbn, under the influence dl 
the magnet, have arranged themselves in lines, end to 
end. 

The fact is, each ohe has become a magnet by 



induction, and eacli one has its north-seeking and 
south-seeking poles — the north-seeking pole in every, 
case being tqwards the south - seeking v pole of the 
magnet, {?nd vice, versa, as a consequence of this 
induction. 

Hence these curves have also been called lines of 
induction. 

I said just now that the curves show the direction 
in which the magnet exerts its force. So they do, 
but the magnet does not act merely in the horizontal 
plane, which is represented by the cardboard. 
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See, I \«ill stand the other magnet on one of its 
ends, and rest this sheet of c^*dboard on it. Then 
you observe that, if I dredge filings thickly on this^, 
as I did on the other sheet, they radiate in all directions 
from the pole of the ma^n^, but do qot form curves. 

If at the same time you* compare the positions of 
frhe two magnets, you will see that the first one lies 
full length oil the table, and the lines of force extend 
ih the same horizontal plane ; while this one stands 



^ on end, and the lines of force are in a plane at l-ight 
angles to it. • 

!N^ow for a further experiment. 1 have liOre a 
small sewing needle, and a thread of silk* ha^ been 
attached to its middle point by means of a small drop 
of hot shellac. We will place the magnet on a tumbler 
as a support, and you shall observe what h£?ppens, 
when I hang the needle within a few*inches of either 
of its poles. 

You see that in every position — above, below, right 
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or left of the magnet — the needle always points' to the 
pole ; and you will have no difficulty in explaining 
that this is due to the influence which the magnet 
exercises over it. ^ 

Whenever it is placed ^/ithin a certain distance of 
the magnet,, the needle^ becomes a magnet by in- 
duction, and another needle suspended in a line with 
it would be affected in the same way. 

You remember, of course, that when we dip the 



magnet into filings, they not only form in a thick tuft, 
but they all point outwards from the magnetic pole in 
every direction. 

You have only to imagine every little particle 
stretched out in its own direction to form one- of the 
magnetic curves, and you will have a very clear 
idea of the space through which the magnet exerts its 
force. 

I have been at some trouble to explain this be- 
cause, in scientific language, the space through which 
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a magnet exercises its force is known as the magnetic 
field, and this might be deceptive and puzzling to 
you, for when we speak of a field we usujally have iif 
our mind a ?lat isurface. The magnet field is not a 
flat surface; ft comprises * the whole' of the space 
surrounding the magnet. 

^ Summary of the Lesson 

1. A magnet exerts its attracting and repelling forces through 
certain substances, such a*s paper, cardboard, wood, glass. 

2 . It will not act through sheet-iron, l)ecause iron itself is a 
magnetic substance. 

3. When a piece of cardl^oaid is laid on a magnet, and filings 
aA sprinkled on it, magnetic curves are formed. 

4. The filings arrange themselves, end to end, in curved lines, 
beginning at one pole of the magnet and ending at the other. 

5. These curves are called lines of force. 

6. The magnet exerts its force along these lines, making 

e«^ery particle qf the iron filing a temporary magnet by in- 
duction. ^ ^ • « 

7. Hence these magnetic curves are also known as lines of 

induction. ^ 

8. The magnetic field is the entire space surrounding the 
magnet through which itsftbree is felt. 


Lesson XLI 

Dip and the Dipping Needle 

I have some very interesting experiments for our 
lesson to-day, so to start with, I will place the bar 
magnet on the table, and stand the magnetic needle 
on its neutral line. 

When this is done, you observe that the needle 
settles to rest in a line with the magnet below, and 
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that eacli pole of the magnet attracts an- unlite pole 
of the needle. 

You notice, too, that, no matter how often the 
needle is set moving, it always returns to the same 
position. ^ 

Now if you compare * the two magnets, you will 
readily see that one is vefy much bigger than the 
other, and this fact naturally leads us to infer that the 
bigger and stronger magnet exercises an influence over 
the weaker one, and is able to ccerce it. 

Now for another experiment. I have here a small 
sewing needle, wliicli 1 have magnetised in readiness 
for the lesson, and to its middle point a fine silk thread 
has been attached in the usual way with hot shellac. 

We wdll suspend our little magnet then, so that 
the thread itself hangs immediately over the neutral 
line of the bar magnet. 

You notice, of course, that this suspended magnet, 
unlike the needle magnet, is free* to move in any 
direction ; and you observe t^at when it comes to rest, 
it ass limes a hoiizontal position in a line with the bar 
magnet. 

You will readily understand that in this position 
each pole of the bar magnet" attracts an unlike pole of 
the little suspended magnet, and repels. its like pole. 
The strong magnet is coercing the weaker one ; but 
as it exerts the same influence at both poles, these 
opposing influences balance one another, so that the 
needle remains at rest in the horizontal position, and 
in a line with the magnet below. 

Now watch carefully what happens when I move 
the suspended needle slowly towards one end of the 
bar magnet. 
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You observe that when the needle comes to rest, 
it hangs in the same vertical plane as before, that is, 
it is still in a line with the magnet below ; but one* 
pf its poles now joints in a slanting direction towards 
the nearer pol^of the bar ifiagnet. • 

It is clear from this ttat the stronger magnet, 
al; this pole, is now coercing the weaker one still 
more. 

But watch while I continue to move the needle 
towards the end of the bar magnet, and you observe 



that it begins -to slant* more and more, asb it approa<jhes 
the pole of that magnet. # • , 

The fact is, the nearer it gets to either pole of the 
strong magnet, the more it comes under ^its influence, 
and at the same time the less it feels the influence of 
the opposite pole. 

Under these conditions one end of the needle is 
so powerfully influenced that it is compelled to assume 
a slanting position ; and at last when the suspending 
S. R. VII * O 
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thread is exactly over the pole of the bar magnet, the 
needle hangs vertically, as you now see it. 

I need scarcely point out that the results would 
be just the same if the experiment* was repeated af 
the opposite end of the bar magnet. ^ It would still 
be a case of the big and strong coercing the small and 
weak. 

These last experiments were intended simply to 
prepare the way for what is to follow, and our next 



step will be to examine this new instrument, which 
you can see is another form of magnetic needle. 

The magnetic needle, with which you are now 
quite familiar, is balanced ypu know on an upright 
pivot, and consequently it rocates h\ a horizontal 
plane. This one, you observe, is suspended on a 
horizontal axis, and hence it moves only in a vertical 
plane. Let us ‘see what we can learn about it. 

I will stand it exactly in the middle of the bar 
magnet which lies on the table, with the needle itself 
at right angles to its neutral line, and you observe 
that the needle comes to res^jt in a horizontal position, 
and in a line with the bar magnet itself. This, you 
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rememW, ws e^ctly the position -which the suspended 
needle assumed, when it was he!d over the middle of 
the magnet. 

Now obS’erv* that, as I move the instrument 
towards one ofethe pole/ofthe bar i^pgnet the needle 
begins to slant, just as the Magnetised sewing needle 
did ; and it slants more amd more as it nears the end, 



.till at last, when it stan'ds over the pole of the bar 
magnet, it is vertical. * • _ . 

I may now inform you that t|jis slantipg of the 
needle is called magnetic dip, and ^the instrument 
itself is* known as the dipping needle. ^ ^ 

Let us pass on from this to notice the brass quad- 
rant with the angles marked on it. You will at 
once see the object of this part of the arrangement, 
if you move the instruraejit into different positions on 
the bar magnet. When it is on the neutral line the 
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needle rests in a horizontal position; hut aA it is 
slowly moved toward^ either pole, the needle begins 
'to dip, and points out on the quadrant the size of the 
angle which it makes with the horizortalline. 

The angle, yqu see, inci'ea^es to 10*^/ 20°, 30°, 40°, 
50°, and so on, as the instrument moves, because the 
needle dips more and more ; and when it reaches the 



pole, the angle which the needle makes with tn.. 
horizontal line is 90°, for it is then vertical. 

The angle which the dipping needle makes with 
the horizontal line is known as the angle of dip. 

Summary of the Lesson 

1. Strong magnets are able to coerce weaker ones. 

2. The coercive force of the bar magnet keei)S the sewing- 
needle-magnet horizontal, when it is suspended over the neutral 
line. 

3. The coercive force of the Imr magnet causes the sewing- 
needle-magnet to dip, as it approaches either pole. 
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4. J^icli p^le of the bar magnet attracts one pole of the 
smaller magnet, and repels the other. • 

5. The dipping needle moves in a vertical plane. ^ 

6. The angle which it makes with the horizontal line 
through its centre iS called the angle of dip. 


• Lesson XLII 

% The Earth a Great Magnet 

You remember, of course, *that one of our earliest 
experiments with a magnet was to suspend it in a 
paper stirrup, and watch till it came to rest ; and 
Igjcause we found that it always came to rest with the 
same end pointing to the north, we learned to call 
that end of the magnet its nortli-seeking pole, and the 
opposite end the soutk-seeking pole. 

^ Since then we have waliched the magnetic needle 
oscillate from* side to side, w]nle one pole^ sought the 
north and the other the south ; and we have always 
observed that when tb^se points are once found it 
settles, but that it wilj not rest in any other position. 
^ Our next step must be to find out the reason for 
all this, and I will commence operations by startling 
• the magnetic needle alone in the middle of the table. 
Tlien, if we set it rotating, and watch 1^11 it comes to 
rest, there will be no difficulty in# finding dts j:iorth- 
seeking pole. Of course the part of the room to 
which that pole points is the north end^ tlie opposite 
is the south end. 

Well, I will now draw a clialk line across the table 
to show the direction in which the needle is pointing, 
and mark one end of the line with N (north) and the 
other with S (south). 
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That done, we will remove this needle, an(i in its 
place stand the dipping needle, arranging it so that 
•^the needle itself shall point directly along the line on 
the table. f 

Now watch this needle'' settle to res^, and see what 
you can learn from it. Tt dips, you observe, and 
comes to rest in a slanting' position, making an angle 
with the horizontal line through its centre, and th^t 
angle is shown by the quadrant to be 67^"*. 



You remeipber, of course, thali we saw this needle 
dip when, it stood on the bar magnet, and that tlie 
nearer it approached to either pole of that magnet, 
the more it dipped, till at last, when it stood 
immediately ‘over the pole, it assumed a vertical 
position. 

But I need^ scarcely point out that there is no 
jnagnet under it or near it now. Why then should 
it dip in this way ? ^ 
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Thfe I will now endeavour to explain, and I want 
you toi“ollow me carefully, for I»have a great surprise 
in store for you. * 

The line whigh I have drawn on the table points, 
as you know, jiorth and sguth. Now, if we set our 
faces towards the north, aqd travelfed steadfastly in 
tjiat .direction, we should .find, by testing the dipping 
needle from time to time, that it would dip more and 
Aore the farther we advanced. 

Look at our dipping needle on the table now, and 
you will see that it is the north-seeking pole which 
dips. So it would be in our journey towards the north. 
That same north-seeking pole of the needle would dip 
iflore and more, and at last we should reach a spot 
where the needle would come to rest in a vertical 
position, with its north -seeking pole pointing down- 
wards.. 

'S'ou see tliat the angle* which the dipping-needle 
on the tabie makes is 67}°. *That is the' size of the 
angle of dip for this place, but in lands to the south 
of us jl is a smaller angle. Indeed it gets smaller 
and smaller as we go ^outh, until tli«re is no angle at 
for the needle comes to rest in a horizontal 
position. • • 

But if, after this, •we continue our journey south- 
wards, we always find that the opposite or sofith- 
seeking pole of the needle begins to dip ; and ft dips 
more and more, and of course makes a larger and 
larger angle, the farther we advance in ^hat direction, 
until in the end a spot is reached where it comes to 
rest in a vertical position, with its so«th-seeking pole 
l^ointing downwards. 

If you have followed this carefully, I think you 
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will now be ready to draw your own iiifereno^a that, 
the earth itself must be a great magnet, and that, 
iike every other magnet, it has its opposite poles, and 
its neutral line midway between thenj. c 

This is perfectly true > indeed it js the surprise 
which I said I liad in store* for you, but 1 wanted you 
to discover it for' yourselves.i * 

The earth is a great magnet, and its opposite poles 
are known as the nortli and south magnetic poles. ^ 
You have already ,seen how a big and strong 
magnet is able x,o coerce a small weak one ; and that 
will now explain why the magnetic Jieedle points 
unswervingly in one direction, and why the dipping 
needle dips more and more as it advances. * 

The truth is, the earth, as a great and powerful 
magnet, coerces these small needle magnets, and com- 
pels them to act as they do. 

The dipping needle, on its journey northwarcfe, 
continues (o dip more and more, until it reaches that 
spot where it assumes the vertical })osition with its 
north-seeking pole pointing ‘^downwards, and ''there it 
rests because it lias at last foun'd what it sought — the 
north magnetic pole of the earth. 

Similarly, when taken in the opposite direction 
through the southern hemisphere, it at last reaches a' 
spot in the *iar south, where it again assumes the 
vertickl position, but with its south-seeking pole this 
time pointing downwards; and it comes to ^rest in 
that position, 'because it has there found what it sought 
— tilt south magnetic pole of the earth. 
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, Summary of the Lesson 

1. A dipping needle at the north magnetic pole settles in a 

vertical position, with its north-seeking pole pointing dowti- 
wards. • % 

2. The same needle at#thG^south magnetic pole settles in a 

vertical position, with its south-seeking ^)ole pointing down- < 
wards. * , 

• 3. The angle of clip in England is OVl” ; it increase's as we 

l)roceed fartlier north. 

' 4. The eartli, as a great magnet, coerces the* flipping needle, 

and compels it to dij). 

5. The earth as a ^reat magnet, has its two o])])osite pole.s, 
like any other magnet. 

d. One of these, is called the north magnetic i)ole ; the other 
the south magnetic pole. 


Lesson XLIII 

The Eautii’.s tlA(;NF,Tic Poles 

I 

Our lesson to-day must be a mixture of geography 
and iimgnetism, for 1 tohall have to direct your atten- 
tion to some familial* facts, which ^oii have learned in 
■i^our geography lessons. 

To begin witli, then, you know that at nwn, or 
mid-day, the sun is.due soutli, and tliat if a person at 
that time of the day turns his back tt) it and walks 
in a direct line forward, he is flioving tbwasrds the 
iiorthj 

The straight line along whicli he walks stretches 
due north and soutli, and these points of direction 
found by means of the sun at noon %re usually known 
as the geographical north and south, or the true north 
and south. 
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Yo^r own geography lessons have long ago omade 
you falailiar with the tiiorth and south parts of this 
r^om, and you remember that, in finding them, we 
always take the sun as our guide. i 

Hence it is clear that thjBseinorth and south points, 
as you already knbw them, ap the true or geographical 
north and south. • , 

Let us make a chalk mark on each of the two 
opposite walls, to show the positions of the true norths 
and the true south. Tlien, if I stand the magnetic 



needle on the table, and leave it to come to rest, yotp^ 
will at once see that the line between the true north 
and the true south does not correspond to the line 
which the needle indicates. 

It k clear from this that the magnetic north and 
south poles are not the same as the geographical.,north 
and south poles. 

Now for the next step. I will draw a chalk line 
across the table ,in the direction which the magnetic 
needle indicates, and mark one end of it N (north), 
the other S (south). Then I will cross it, at the 
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poinf 0 where the needle stands, with another line 
N'OS', making an angle N'ON*exactly 

That done, I want you to look straight along this 
last-made Bne,mnd you will discover that one end of 
it points to the true liftrtll, the other; to the true south, 
that i^ to the marks on ihe two opposite walls. * 
• We have found, as ‘you now see, the true north 
and south by observation of the sun, and also by 
means of the magnetic needle, and the result is the 



same in both^ The*letter N' points to the geographical 
or true north pole ; the letter N points to the magnetic 
north pole. 

New for some more geography. This circle which 
[ have drawn is meant to represent oiii^ globe, with its 
north and south geographical poles, N and 3. The 
line between the two poles is to rej^i’esent the earth’s 
axis, and the circle which passes round the globe mid- 
way between the poles is the equator. 
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Now careful research has proved beyondcdoub£ that 
the magnetic north pole is situated, not at the true or 
geographical north pole, but some distance from it, in 
the Boothia Promontory, in the norther^i part of North 
America. ^ 

If then, starting from' that spot, we imagine a 
straight line through the cehtre of the earth to a' 
similarly-placed spot in the southern hemisphere, we . 



shall have another axis, and that we shall henceforth 
call the earth's tpagnetic axis. 

Here it, is in the sketch, with the magnetic north 
and south poles at its opposite ends. 

Then, as the next step, let us take one dr two 
other geographical terms, which of course are quite 
familiar to you. 

You know” tha^ the part of the sky which is exactly 
overhead is called the zenith ; and you also know that 
the imaginary line, which is supposed to stretch between 
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the itorth rfind south poles and through the zenith is 
called the meridian. 

I need scarcely point out that every spot on tKe 
earth’s surfticethas its zenith, and tlierefore its own 
meridian. 

The meridian of a certain place is really part of a 
^reat circle, wliich stretches through the zenith of that 
place to both geograpliical poles, and so on round the 





earth ; and as this fneridian passes tly'ough the ^geo- 
graphical north and south poles, y^e may gall ^ it the 
geographical meridian. 

Let? us now indicate the position of London on 
our sketch by a dot. Tlien if through this dot we 
draw a curved line to both geographical poles, we shall 
have a representation of the geographical meridian of 
London. 

But I must now point out that, just as every place 
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has its geographical meridian, which passes thtough 
the geographical poles* so also it has its magnetic 
nleridiaii, which passes through the magnetic poles. 

If then I draw another curved line throfigh London 
to the north and south magnetit poles, this will repre- 
sent the magnetic meridian* of that place. 

You observe that these two meridians, the geo-' 
graphical and the magnetic, cross each other at an 
angle. This angle is known as the angle of declina- 
tion, because it shows how far the magnetic north 
declines, or falls away, from the true north. 

If the angle between the two meridians of London 
, is measured, it is found to be 1 0 Hence the apgle 
of declination for London is said to be 16 y. 

This explains why, in our last experiment, we 
measured an angle of 16|-'' on one, side of the magnetic 
meridian, to help us in , finding the geographical 
meridian. ^ 

You must bear in mind, however, that eVery spot 
on the earth’s surface has its own geographical and 
magnetic meridians, and that they must, of course, 
cross at varying afigles, so that tlie angle of declina- 
tion varies between one place and another. 

f 

Summary oe the Lesson ‘ 

1. Tfie magnetic poles are not the same a.s tlie geographical 

poles. , 

2. The magiv^tic* north pole is situated in the Boothia 
Promontory in North Ameri&. 

3. A* line from this pole through the centre of the earth is 
. th^eartli’s magnetic^^axis. 

4. The angle formed hy the crossing of the geographical 
Meridian of a place and its magnetic meridian is called the 
angle of declination. 
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5. *Thifl Angle shows the difference in degrees between the 
position of the true pole and that of the magnetic pole at that 
particular place. 

6. The a^gle of declination for London is ; but the 

angle is not the sSme in alj places. 


Lesson XLIV 

•fnE MARiNERis Compass 

Our recent study of the earth as a great magnet, 
with power to influence and coerce other magnets, now 
ieads us by a natural step to investigate the mariner’s 
compass, one of the most useful contrivances ever 
invented. * 

But before proceeding to examine the actual instru- 
jne*it, I may point out that the word compass means a 
circle. If then you note the*circular shape of the box 
itself, and the circular card which moves round inside 
it, you# will at once see that it is called a compass 
because it works in ob circle. , 

^ I need scarcely explain why it is called the mariner’s 
compass, because you all know it is used by mariners 
or sailors, as a guid§ to help them in steering their 
course at seh. There is another fortn of compass, 
which is used by persons who tJifavel on* land, and 
that is known as a land compass. 

Now let us proceed with the instrument itself, and 
probably the first part of it to catch your eye ivill be 
the card with its letters and pointers, which can be 
plainly seen through the glass cover. 

A card similar to this, but larger, has been familiar 
to you from your earliest lessons in geography as the 
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Points of the Compass. , We will examine this compass 
card more fully now, and you will find that it is 
exactly the same. It is your old friend, the Points of 
the Compass. 

Observe, in the first place, that it divided into 
four quadrants by two diameters which cross each 
other at right angles, and that the extremities of 
these diameters give the four cardinal or chief points^ 
— north, south, east, west. 



These, as ^the chief points, are mbre distinctly 
marked, you see, titan the rest ; and north is specially 
designated by a fleur-de-lis. 

Then, you^observe in the next place, that the four 
right angles formed by these diameters are bisected by 
two other diamqters, whose extremities give four inter- 
mediate points — north-east (N.-R), midway between 
north and east ; north-west (N.-W.^ midway between 
north and west; south-east (S.-K), midway between 
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south and eftst; and south-west (§.-W.), midway between 
south and west. 

^ It is not at all necessary, or even advisable, fo 
trouble you no^ witli^the names and particulars of 
the remaining points. It will be quite sufficient for 
you to observe that all of them ase obtained by the 
bisection of angles already formed. 

^ In all there are thirty-two points marked on the 
compass card at equal distances apart, and when we 
speak of the points of the compass we refer to these 
thirty-two points. 

You will now observe, that if I stand the model in 
different positions on the table, the card begins to 
oscillate from side to side every time it is moved ; but 
it always settles to rest at last with the fleur-de-lis 
and the letters and* pointers round it in the same 
jposition. • 

The card, as you may see for yourselves, is only 
paper, for cardboard is made of 2)aper. Why then 
should Jthis paper card always settle in one position ? 

We shall best answer this question by lifting the 
jlJass cover from the box, and removing the card for 
closer inspection. ^ • 

If you turn the card over, you will see that there 
is a thill flat "strip of steel attached to»the undei;side 
of it ; and you will also see thal> both a»3 securely 
flxed together, so that one cannot move without the 
other. * , 

You observe, too, that at one end of the stqel bar 
is the letter N ; and a glance will sljow you that this 
letter N is immediately under the peculiar fleur-de-lis 
mark on the upper surface of the card. 

Notice next, that in the centre of the steel bar is a 
S. R. VII P 
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small ^^ollow cap. T|iis is commonly kitfown as the 
agate top, because the bottom of the hollow is fitted"^ 
with a piece of agate, and it is this which ^rests on ^e 
upright steel pivot, which you see it the middle 6f 
the box. . ‘ ‘ • 

The rest of course is easy. The piece of steel is 
a magnet, and when it is balanced on the steel pivot 
it is free to move in a horizontal plane. 

Like every other magnet which is free to move, it 
points with its north -seeking pole to the magnetic 



north pole of the earth ; but wlien it moves it must 
ca?:ry the card round with it, because both are fixed • 
together. . i - 

I need scarcely' say that the magnet is the most 
essential part of the whole contrivance, and it is 
known as the^compass needle. The land compass, of 
courS^ has its compass needle too, but the card, 
instead of being, attached it, iS fixed to the bottom 
of the box, and the needle alone moves round on its 
pivot. 

How for a few words about the box which holds 
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the needle ^nd card. You observe that it is a round 
^ bowl-like case, in the centre df which stands the up- 
right spike or pivot on which the needle rests^ and 
that it is Securely closed by a tight-fitting glass cap, 
so that the Sard can ^be “plainly see^ without being 
exposed. 

• It is important to notice, too, that the case and 
everything belonging to it, except the glass cover, is 
made of brass, not steel or iron ; and no doubt you 
will at once see the reason* for this. Brass is not a 



magnetic substance. •It does not afjject the needle in 
pny way. 

Iron or steel would bg unsuitable, because they are 
► magnetic substances, j,nd would attract the magnet, ajjd 
so make it unless for its purpose. 

We shall have something more to say •about the 
mariner’s compass later on. 

Summary of the Lesson 

1. The compass card is divide into 32 equal divisions, and 
the pointers which make these divisions are known as the points 
of the compass. 

2. The four principal ones are called the cardinal points. 
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3. In the mariner’s compass the compass needk is fixed to 
the under side of the cardjSso that the card must move with the 
nfiedle. 

4. In the land comjjass the card is fixed, ai^d the needle 

moves on a pivot above it. ^ 

5. The box of tli^ coiujjjiss is ‘made of ])ims, vxnd the pivot is 
fixed exactly njJiight, and in th'i ‘centre. 


Lesson XLV 

The Compass at Work 

We will have another look at the mariner's compasf 
to-day, but this time we shall confine our attention to 



the brass bowl or case, which holds the all-important 
needle and card. 

Be^re we turn to the instrument itself, however, 
let me remind you that it is intended for use on board 
ship, and that ships on the sea roll and pitch in every 
direction with tlie force of the waves. 
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If the oompass were allowed to roll with the ship, 
the needle and card would not be free to move, for 
they would be constantly coming into contact wifh 
some part (ff tlft case itself. 

It is only«by keepiftg the case horizontal, that the 
needle can be left free to Inove. 



Now take the model in your hand, and tilt it in 
different directions, and you will observg that, in every 
position, the bowl itself and the card inside it are kept 
horizontal, in fact, they cannot slant.^ 

Let me show you how this is brought about. 

In the first place, then, I must call your attention 
to this flat brass ring which surrounds the box. The 
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Box itsif, you observe, is fitted with two® pivots, one 
exactly opposite the other, and each pivot works easily 
in a sm^l round hole in the brass ring. ' 

Theii; you observe further, that the «rm^, in iis turn, 
moves on similar pivots, vhidh are placed at right 
angles to the others, and work in small slots in the 
side supports. 

By this arrangement, when the instrument is tilted 
in one direction its box swings on the ring, and when 
it is tilted in a direction at right angles to that, the 
ring and the box with it swing on the side supports ; 
so that in either case the compass needle and card 
preserve their horizontal balance. ^ 

The brass ring and its pivots are known as the 
gimbals, and without this clever contrivance the 
compass would be of no use on a. rough sea. 

The ship’s compass, yoij. know, is always lodgecj in 
a protecting case, called the binnacle which, like the* 
compass box itself, is made of brass, and of bourse for 
a similar reason. 

r 

The binnacle too is made a fixture to the deck, or 
some other part oFthe ship, and the top of it is closed 
and protected with a plate of thick glass. 

.^nd now lastly let me call your attention to the 
platinly-cut mayk on the edge of the compass box. In 
fixing the compass^ to the ship, great care has to be 
taken to see that the straight line from this mark, 
through the centre of the card, is exactly in the* direc- 
tion of the shi^s keel. 

In bther words, the mark itself must point to the 
head of the ship, ^ and the bpposite end of the lino to 
the stern. 

, "'"''\^hen the man at the wheel is told by the captain 
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to stfter N.-E., he turns the ship about, till the norl^^ 
east pointer ori the compass car4 points in the direction 
of the line and the plainly-cut mark at its end. : \ ^ 

One otljer important matter must be made clear 
before we leave this s^bjegt. 

You remember, of coijrse, that the compass needle § 
j)oints out the magnetic north. Bat I need Scarcely 
remind you that the sailor, for the purpose of steering 
•his ship, must know the true north. 

The difference between t}]e magnetic north and the 
true north, you know, is called the angle of declination, 
and this angle is not the same in all parts of the 
world. • 

• That seems at once to give rise to a great difficulty, 
but the difficulty is obviated’ by supplying all ships 
with a book of tables, showing the declinafion of' 
different places. 

m ’The sailor finds the direction as indicated by the 
compass, .and then adds or* subtracts t^ie angle of 
declination, as his book of tables directs him, and this 
gives Mm his true course. 

• • 

•' Summary of the Lesson 

1. The box of the compass is made of brass, and tlie pivot is 

fixed exactly upright, and in the centre. • 

2. The gimbals ]>rovide for the rolling of flhe ship, and keep 

the compass itself horizontal. • • • 

3. The man at the wheel has to make allowance for declina- 
tion in*steering the ship. 

4. Wlien he has found on the compass cardf the direction he 
wishes to take, he turns the ship about till that point*is in a 
direct line with her keel. . 
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Lesson ZLVI 

Electric Attraction « 

No doubt you are all /^.miliar with the peculiar 
yellow, semi-transparent substance called amber ; and^ 
you know it is mostly seen either in the form of 
pipe-stems for smokers, or else as brooches and other* 
ornaments for the person.. 

Take a piece of chis substance, and rub it vigorously 
with a piece of flannel, or on your coat sleeve, and then 
bring it near some loose scraps of paper or little pieces 
of straw. ' 

You will at once observe that the amber lifts now 
a strahge attractive force which it did not possess 
before, for it attracts those little particles of paper and 
straw, and makes them fly lip towards it. ^ The newly 
acquired foree is clearly the result of the rubj^ing. 

This peculiar substance — amber — is of vegetable 
origin, and is supposed to be the fossilised il5sinous 
gum of some extinct siiecies of pine. Beds of amber 
are found in the earth in certain parts of the world, 
and the substance has been rknown for thousands of 
years. » 

* Indeed the Undent Greeks of 2500 years ago were 
very fond Of amber ‘ornaments, and they observed that 
when these ornaments were rubbed (probably in .clean- 
ing them) they acquired a new and mysterious power 
of attracting light bodies. 

The Greek n^me for amber is electron, and that 
word has given us our name for the hidden force itself, 
which we call electricity. 
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Y^u, of course, remember that a steel knitting 
needle, or ftideed any piece of iron or steel if rubbed 
with a magnet, acquires a new force, which we call 
magnetism and now we find that amber when rubbed 
produces similar resulti| 

Let us, however, compare the rubbing in the two 
cases. We simply stroke the needle* with the magnet 
a few times in one particular direction. But the 
amber must be rubbed vigorously, and as the vigorous 



rubbing causes frictiofi, we usually ipeak of the force 
produced in this way as frictional electricity. 

Amber, however, although it has given the name 
’ to this wonderful fgrce, is not tlie only substance 
which acquires it with rubbing. 

Kesin, sealing-wax, shellac, vtilcanite, ‘and roll- 
sulphuy all acquire electric force, if rubbed with a dry 
warm flannel, or other woollen rubber. « 

After rubbing, each of these substances causes 
loose light scraps of paper or straw ^o fly up towards 
it, for each of them, when rubbed, possesses the same 
attractive force as the rubbed amber. 
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Warin a piec^ of brown paper in frobt of tjie fire, 
m)b it feskly with the bristles of a stiff clothes-brush, 
th^^ hold it over your head, and you will observe 
that it ^ill cause your hair to stand on eqd. 

Like the other things, t^e gaper acquires attractive 
force by rubbing,' and this is clearly seen if it is placed 
against the wall er a drawing-board, for it clings fhSt. 
These little experiments you can perform for your- 
selves at home. 



, Let me now show you another. I will Suspend ' 
this t small pith -ball by a cotton thread from the 
gas-pipe, ‘and at V>he same time balance this thin, 
flat, wooden lath on the round bottom of an inverted 
flask. I 

Nqw I will rub this glass rod briskly with a warm, 
dry, silk pad, an^l bring the rubbed end near the pith- 
ball and the lath in turn. The pith-ball is at once 
attracted to the glass rcki, and clings to it ; and the 
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woodeli lath is also attracted, andi follows where the 
glass leads. Hence iij is clear that glass, like amber, 
sulphur, resin, sealing-wax, and the rest, acquire 
attractive fdl’ce when it is rubbed. 

It is mos^ important to rememlipr, however, that 
these things in their natural? state had no more power 
than the poker possesses to attract the pith-ball, the 
lath, and the loose scraps on the table. It was only 
after the rubbing that they exhibited this wonderful 
attractive force, which we call electricity. 

Each one was excited by the rubbing, and in that 
state it is said to be electrified. The rubbing in fact 
gave to each a force which it did not originally possess, 
and hence we speak of it as a charged body. It is 
charged with a new force. ^ 

Hence each of th^^se substances, before it is excited 
or electrified by the rubbing, might be described as an 
uncharged body. 

Just olie thought more before we close. You know 
that after a bar of steel has been rubbed with a magnet 
it becomes a magnet itself, and the magnetic force 
given to it by the rutbing is permaRent. It is not so 
with the electric force given to these bodies by rubbing. 

, The excited body gradually loses its charge, and is no 
longer able to attraCt the pieces of paper, or to mljve 
the pith-ball or the wooden lath. ^ 

The charge passes away from some bodies more 
quickly than from others, and none of them can retain 
it long. 


Summary of the LessH)n 

1. The force which we know as electricity was so called 
from electron, the Greek name for amber. . i 
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2. Ad the force is produced by rubbing, it^is knbwn as, 
frictional electricity. * 

3. Resin, sealing-wax, shellac, vulcanite, and roll-sulphur 

develop the same attractive force as amber does, when they are 
rubbed with a wcK)llen rubber. ^ ^ 

4. Glass acquires attractive dbrcl when itf is rubbed with 
silk. 

5. A body which has been excited by rubbing is said to be 
charged or electrified. 

6. The charge given to a body by rubbing is not permanent, 
like that of a magnet. 


Lesson XLVII 

Attraction and Kepulsion 

C ' 

If you think over our experiments in the last 
lesson, you will remember, that the glass rod, shellac, 
sulphur, sealing-wax, and vulcanite in 'their naturaf 
state had no attractive force. ' 

They received the electric charge as the result of 
the rubbing, and in that state they were able to attract 
the pith-ball, thef'lath, and the loose scraps on the 
table. 

l" need scarcely remind you that the pith-ball, , 
thfe lath, and ^^the otlier things Were in. a natural or 
unclia^ed^ state, they had not been excited ; and 
it is clear from this that in each case the charged body 
attracted an uncharged body. 

Now let us take another step. I will rub the 
glass efod briskly with the warm silk rubber as before, 
and place it irf the stirrup. Then if 1 bring the 
-ivooden lath near, you observe that the charged glass 
rod is attracted by the uncharged lath. 
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Thfe resist will be the same if you hold your finger 
near the glass rod. The uncharged hand attracts the 
charged glass rod. Hence we have clear evidence 
that the attraction between charged and uncharged 
bodies is muUial. A charged body, attracts, and is 
attracte4 by, an uncharged* body. 

• We will now rub the glass rod vigorously again 
with the warm silk, and replace it in the stirrup. 
I'lien, if we charge the vulcanite rod by rubbing it 
with fur or flannel, and briifg it near the glass, you 



observe that the charged vulcanite attracts the changed 


The* same result will follow if we substitute sealing- 
wax, shellac, and sulphur rods for the vulfeanite. Each 
of these bodies when charged attracts the charged 
glass rod. • 

Now let us reverse the process by charging the 
vulcanite, shellac, sealing-wax, and sulphur as before, 
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aM p^ing them in the stirrup one by owe. If the 
chargef glass rod is bk)ught near each of these charged 
1 bodies^attraction will take place. 

It m clear then that a charged glass ^rod attracts, 
and is attracted by, charged rods' of vulcanite, sulphur, 
shellac,, and sealing-wax. • - 

Now for the next step. ' I will rub the glass rod 
once more with the warm silk, and place it in the 
stirrup as before. Then if I charge another glass rod 
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in the ’’same way, and bring it near, you observe that 
the suspended rod moves away from the other. • . 

Both were' charged in precisely the same way, so 
that Mie, charge given to the suspended rod is exactly 
Jt&e that given Ho the other ; and these like charges 
;T '^epel one another. 

% If we repeat the experiment with two charged 
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vulcanite rcrts, suspending one and bringing the other 
near it, you observe that the result is the same. The 
charges given to the two rods are exactly alike^ and 
these like ctfargdb repel one another. 

So it wovdd be if^ we* charged ^he sealing-wax, 
shellac, and sulphur rods, *alid presented them to the 
dharged vulcanite in the stirrup. In every case 
Repulsion would follow. 



Now let us sum up what we have learned from all 
this. • ^ i ’ 

Glass rubbed with silk repels •glass niljbe^ with 
silk. ^ 

Vulcanite rubbed with fur or flannel repels, and 
is repelled by vulcanite rubbed with fur or flannel 
Vulcanite rubbed with fur or flannel repels, and is 
repelled by, ^sealing-wax, shellac or sulphur, similarly 
charged. 

Glass rubbed with silk attracts, and is attracted by, 
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vulcanite, sealing-wax, shellac, and sulphur rubbed 
with fur or Haniiel. 

^ Thjj charge which is given to glass by rubbing il 
with silk is called positive electricity*; that which is 
given to vulcanite, sealing-wa&, shellac?, and sulphur, 
by rubbing them with flif or flannel, is known as 
negative electricity. 

If you remember this you will have no further 
difficulty in understanding the general laws. 

A body charged with positive electricity repels a 
body charged with positive electricity, 
c A body charged with negative electricity repels a 
body charged with negative electricity. 

A body charged with positive electricity attracts, 
and is attracted by, a body charged with negative 
electricity. 

You remember, of course, the general law in 
magnetism,, that like poles repel y unlike poles attract ; 
and you see from this that in a similar way we 
» can put the above laws briefly, as regards the force 
of electricity, by saying that like charges repel, unlike 
charges attract. 

$fow, I daresay, you have been wondering why it 
is that a charged body attracts another body. Let me 
explain. 

A .body before jt is charged or electrified contains 
both kinds of electricity, but they are in equal 
quantities, so that they neutralise each other and are 
dormant, and the body itself is said to be in a neutral 
statep. 

The rubbing separates the positive electricity from 
the negative. In one case it leaves the positive on 
the rubbed body, , and we say^that body is charged 
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with positi^^e electricity. In another case it leaves 
the negative on the body, and then we say that the 
%ody is charged with negative electricity. . * 

The one^thiifg to remember is that, in any case the 
charged or e^fcited bo8y is in an unnatural state, and , 
that Nature is constantly striving to restore the 
^Balance — to make it neutral once more. 

, It is clear that a positively charged body can only 
become neutral by exchanging some of its positive 
electricity for an equal quantity of negative, and a 
negatively charged body can only become neutral by 
exchanging some of its negative for an equal quantity 
qf positive. 

This explains the eagerness of every electrified 
body to attract to itself the opposite kind of electricity 
to that with which itds charged. 

Summary of the Lesson 

1. A charged body attracts and is attracted by an uncharged 
body. • 

2. A glass rod rubbed ^witli silk attracts and is attracted by 
rod.s of vulcanite, sulphur, shellac, and sealing-wax, rubbed with 
fur or flannel. 

3. Glass rubbed with silk repels glass rubbed with silk.* 

' 4. Vukanite rubbed \yth fui* or flannel repels and is repel Vi(L 

by vulcanite, se^fiing-wax, shellac, or sulj>hur sitnilarly excij;ed. 

5. The charge given to ghiss by rrj[)bing it y^ith ^silk is 
known as iiositive electricity. 

6. T^e charge given to vulcanite, siiljihur, shellac or sealing- 

W’ax by rubbing any of them with fur or flannel ii called negative 
electricity. ^ 

7. Like charges repel ; unlike charges attract. • 

8. A charged body is in an unnatural stafle ; its great aim is 
to become neutral again. 


S. R. VII 
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Lesson XLVni 

The Electro^^cope 

As a natural connecting link between the teaching 
of Ijpt/lesson and what is to follow, we will commence 



this time with a very simple experiment, which i you 
can afterwards perform for yourselves. 

I have here two pieces of vulcanised india-rubber 
tubing, wliich I will place on my thumb and fore- 
finger, to act as^finger-stalls, and then I will draw this 
silk ribbon between them three or four times. 

Now observe what happens when I bring the 
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ribboR liBajT th^ bal^ced lathf The ribbon^, you see; 
attracts the lath and makes* it move. Can you 
explain this? • 

Yes, yoif are quite right. The wooden lath is' a 
neutral or uncharged# body, the yibbon has been 
charged with electricity 'by * the rubbing, and the 
eharged body attracts the uncharged body. 

But now observe further that, if I hold the ribbon 
near the wall, it clings fast. I need scarcely point 
out that this time it is the charged boliy which moves, 
not the uncharged body. How do you account for 
that? *' 

Ah 1 I am glad to find you have not forgotten. A 
charged body qot only attracts, but is also attracted by 
an uncharged body. This time the neutral qf un- 
charged wall attracts ^the charged ribbon, and makes it 
cling fast, 

Now4et us take another step. I will repeat the 
process of* drawing the ribbon be- 
tween the india-rubber finger-stalls 
a few times, and then I want you 
to observe what hap*pens when I 
fold it* across the middle, and let 
the two ends hang loose. * 

The loose .ends, ybii see, spread 
out away from each other. What^ 
can be the meaning of this ? 

The ribbon has been charged 
with electricity by the rubbing as 
before, and both parts of it received 
the same kind of charge from the 
same source. Why do the ends spread out in this 
way ? 
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Yes,, you are quite right once more. The sinfilarly 
charged ends repel each other, because like charges 
rfepel, and unlike charges attract. 

Now as the next step, let me introduce? to you this 
curious but usefu) instrument— f the electroscope. 

I sliall content myself for the present with pointing 
out the brass cap on the top, and the two strips of 
gold-leaf lianging inside tlie glass vessel, and 1 may at 



once* tell you that the instrument is usually called the 
gold-leaf electroscope. 

I need scarcely remind you that the contrivance, 
and everything belonging to it, is at present in a 
neutral or uncharged state; and you see that the 
gold-leaves hang^arallel side by side. 

I will now charge the glass rod slightly by rubbing 
it with the warm silk rubber, and I want you to 
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obseiVe wkat happens when I touch the cap of the 
electroscope with the charged end. 

The leaves at once fly apart, just as the ends of the 
ribbon did.® But why do they fly apart ? 

Yes, I see you afe eager to t^ll me. They fly 
^part because both are elftetrified bj the same charge,* 
•and like charges repel. 

That is quite right; the gold leaves have been 
charged ; but they were not charged by rubbing^ as 
the ribbon was. How then did tRey receive their 
charge ? 

The charge was transmitted to the leaves when 
the electrified glass rod touched the brass cap. The * 
cap received the charge from the electrified rod, and 
conveyed it to the leaves ; and this makes it cl(j|ar that 
a body can be chaiged by mere contact without any 
rubbing. ^ 

A body which conveys electricity to another body 
in this way is called a conductor, and the electricity is 
said to travel along it by conduction. Hence the 
brass cap which conveyed tlie electricity from the 
glass rod to the leaves is a conductRr. 

This is all the notice we need take of the electro- 
scope for the present ; w*e shall deal with it more fully 
later on. 


Summary of the Lesson 

• 

1. The leaves of the electrobcope diverge 'because they are 

both electrified by the same kind of cl large. , 

2. A bcxiy can be charged by mere contact with a Cliarged 

body. * 

3. A body which conveys electricity to another body by con- 
tact is said to be a conductor. 



CONDUCTORS AND INSULATORS 


S80 


» Lesson XUZ 

1 " ' . 

‘ \ 

V Conductors and Insulat&rs* 

* We, learned from the Istst lesson that electricity 
can pass from one body to another by mere contact 
that the body which conveys a charge in this way is 
called a conductor; and that the electricity so con- 



veyed is said to travel by conduction. Now let "us go 
a step further. 

1 will support this brass rod' on a tumbler, and 
immeciiately under pne end of it I will place a few 
small scraps of gold-leaf on a pile of slates. That 
done, I charge the vulcanite rod by rubbilig it 
vigorously with fur or flannel; and I want you to 
observ«‘ what happens, when I stroke the opfosite end 
of the metal rod \frith it. 

Bee that, as the metal rod is stroked at that 
the pieces of gold-leaf are attracted at the other ; 
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and it is clear from this that, in the first place, the 
charge mflst have passed from the vulcanite to the 
brass, v^heii the two things came in contact, and 
secondly, that the electricity conveyed in this way 
must have travelled from one end of the rod to the 
other. 

* This, of course, is a further proef that brass is a 
conductor, and that electricity travels along it by 
» conduction ; but I may now inform you that all 
metals are conductors of electricity. ^ 

Let us in the next place repeat the experiment, 
substituting for the metal bar a neutral glass rod. 

I proceed exactly as before ; but this time you 
♦observe that there is no attraction — no sign of any • 
movement whatever among the pieces of gold-leaf at 
the opposite end of the glass rod, as the result* of the' 
stroking. 

Hence it is clear that ulectricity does not pass from 
the chargedf rod along the glass, as it djd along the . 
metal. The metal allows the electricity to flow along 
it, but. glass resists the flow, and will not allow the 
electricity to pass. ^For this reason glass is said to 
be a pon-Cond actor. 

If we repeat the experiment again, substituting 
ill turn neutral rods^ of vulcanite, shellac, and sealjng- 
wax for the^glass, it will be clearly se^n that all, these 
are like glass. They resist the flew of eleotrioity, and 
hence they, like glass,'^are all non-conductors. „ ^ 

Here I have a brass rod fitted into a glass tube, 
which serves as a handle. Let us have another 
experimeilt. ^ ^ 

Take the glass handle in one hand, and with the 
other rub the brass rod itself vigorously with the warm 
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silk rubber. When that is done bring the charged 
end near the pieces of cgold-leaf on the table, and you 
will observe the attraction which follows. The little 
scraps of gold-leaf instantly fly up towarc^ the metal 

Now hold the ' rod nearer the middl^ so that the 
thumbs or some part of the hand, touches the bras^,^ 
and then repeat the experiment. 

This time you observe that, after the most vigorous ' 
rubbing, there is ,no movement at all among the scraps 
of gold-leaf. When the metal rod is brought near, it 





has n-o longer any attractiv^e force lor them. This is 
a bit of a puzzle ; let us see if we, can solve it. 

GJass, you k'uow, is a non-conductor’ and resists 
the flow of electricity. W^hen, in the first experiment, 
you held the rod by the glass handle, the electricity 
remained on the metal, because it could not escape, 
and it yras able to attract the little pieces of gold-leaf. 

But the puzzlf? is in the second experiment, where 
we found it was impossible to charge the metal rod 
with .all our rubbing. 
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Ycgi remember that this time, although you held 
the rod by the glass handle, yoirt* thumb rested on the 
metal itself. Well, that is the whole secret, for all thp 
time your hgnd jbouched the metal, the charge escaped, 
as quickly as ijb was generated by the rubbing. 

What do you say ? ]i?incf must be a con- 

cjuctor ? Why, so it is, for the Electricity flowed 
along the hand from the metal rod. 



The hand which tjouched tlie me^al conducted the 
electrioity away, and it passed through your body. 
But what became of it at* last ? * 

* Let me explain. • The eartli itself is the great 
reservoir of electricity, and all electrfcity which is 
conducted or carried ofl* through 'our bodies m this 
way rejDurns to it. That is to say, the charge which 
was given to the metal rod by the rubbing, was con- 
ducted away from it by the hand, and so through the 
body to the earth as the great reservoir of electricity. 

And now let me call your attention to the rod 
itself once more. 
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I ^^old it by the glass hail die, and charge, it as 
before by rubbing it iswrith the warm silk* rubber, and 
you know that the charge is there, because 
if you bring the metal ei^d of it near the 
,^craps of gold-Jeafj attraction immediately 
takes place. ' . , 4 

But I want to point out to you nojy 
that the electricity on the metal cannot 
escape ; it is cut off by the noii-conducting 
glass handle from all connection with 
other bodies, as completely as an island is 
cut off by the water which surrounds it 
from connection with other land. 

Hence the non-conducting body-^ — glass 
— is said to be an insulator, from the 
Latin word insula, which means an island. 

The proof- plane* a little instrument 
used for testing small charges of electricity, 
is made on this principle. It , consists of 
two parts- -a disc of metal, or some other conducting 
substance, and a handle made of non -conducting 
material for insulating it. ‘ 

Any boy can make one for himself with a penny 
for the disc, and a stick of sealing-wax for the handle. 

« 

•' ‘summary of the Lesson 

1. All metals are good conductors. 

2. Glass, vulcanite, shellac, sealing-wax, and sulphur are 
non-conductors. 

3. A-u insulator is a non-conducting lx)dy, which, electrically 
speaking, cuts a charged body off from everything around it by 
obstructing the flow of its electricity. 

4. The proof- jjlane consists of a conducting di^c and an 
insulating handla 
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Lesson L 

More ab6ut ContucTosB and Jnsulators 

» m 

• Of course you now clearly understand the meaning 
the terms — conductor and non-conductor ; and you 



also know that the metals are the ^ best conductors of 
electricity, while glass, vulcanite, shellac, aftS sealing- 
wax are non-conductors. Tlie next step will be an 
easy one. 

I will fasten one end of this copper wire the 
cap of the electroscope, and bend the opposite end 
round tq form a loop. Then I will pass the loop over 
the glass rod, and hold it at the lower end with my 
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thumb, while I charge the rest of the rod r by rabbing 
it with the warm silk^rubber. 

f Now observe what happens when I lower the rod, 
so as to cause the loop to slip down ^towards the 
charged end. 

Immediately the loop reaches the charged part of 
the rod, the leaves of the electroscope diverge. « 

Yes, I thought you would be able to explain it. 
The charge which is given to the rod by rubbing passes 
along the wdre fo the electroscope, because copper is a 
conductor. 

Now I will repeat the experiment with a thread 
of dry silk in place of the wire, and you observe that, 
however strongly the rod is charged, there is no move- 
ment ^in the leaves of the electroscope when the silk 
loop slips down. 

It is clear, then, that electricity will not pass along 
the silk. 

But we have pot done yet. I will wco the silk, 
and try again in exactly the same way as before, and 
this time you observe that tlie leaves of the electro- 
scope diverge as"* soon as the loop of wet silk slips 
down to the charged end of the rod. 

The dry silk, you see, obstructs the flow of electricity^ 
—it is a non -pond uctor. But when it is wetted it be- 
comes a conductor, and it is quite clear that its power 
of conducting electricity is due to water. 

Water, in fact, is a good conductor of electricity, 
and that explains why, in all our experiments, it is 
necessary to keep everything we use perfectly dry. 
If there is the least moisture on any of the articles, it 
will conduct the electricity away. 

For the same reason it is practically impossible to 
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perfoiln any experiments successfully on a wet or 
foggy day, because the moisture ' in the air conducts 
the electricity away as quickly as it is produced. ® 
Damp aflr te a conductor; dry air is a non- 
conductor. 

. N^ow let us have another experimgnt. We will tit 
a cork in one end of this glass tube, and insert a pen- 
holder into the cork. Then, after charging that end of 

• y o o 



the tube in the usual way, I will toifch the cap of the 
electroscope with the free end of the wood. 

You observe that tl»e leaves at once diverge, s&ovv- 
‘ ing that the. charg^ which was givei^ to the gl&ss 
has passed along the wood to the ejectrosoope. 

But the wood itself, as you can see, does not touch 
the glass. Hence it is clear that the charge must 
pass along the cork before it can reach the wood, 
and from this we learn that cork and wood ar&^both 
conductors. * 

Here is another little experiment, which you can 
do for yourselves. 
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Stipend R pith-ball by a dry silk thread frcto the 
gas-pfpe, and then l^ing the charged glass K)d near it. 
^ Y|pu observe that the pith-ball is at first attracted 
to th|e rod, but that as soon as they Whichy it flies 
back,,; and after, that, if tiie iod advamces the ball 
recedes. In other words; the glass constantly repels 
the pith-ball now, instead of attracting it. * 

If you repeat the experiment with^nother ball at 
the end of a cotton thread, you find that the ball flies 



at once to the glAss rod, and clings fast to it. This 
looks like a puzzle ; let us try to unravel it. * 

What is the condition of ’each ball at first ? It is. 
neutral. , ' 

What does that mean ? It means that the ball 
contains equal quantities of positive and negative 
electricity. « 

What is the condition of the excited glass rod ? 
It is^arged with positive electricity. 

Why does it Attract the ball ? Because it is seek- 
ing for negative ej-ectricity to restore the balance, so 
that itj may become neutral again. 
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What happens when the bgll touches the glass f 
The glass gives up some of its positive electricity to 
the ball, and robs the ball of all ots negative. ^ 

What is®the*^‘condition of the ball then? The ball, 
like the rod, is then cWBirge^d with poeitive electricity. 

. What have we just bedil learning, about dry silk ? 
f)ry silk thread is a non-conductor. 

^ Exactly : nSr think of the pith-ball charged with 
positive electricity by coming into contact with the 
charged glass rod. The charge which has been given 
to it cannot escape ; it is insulated by the non-con- 
ducting silk thread. , 

^ Hence repulsion now takes place between the rod 
and the ball, because both are charged with positive 
electricity, and like charges repel. > 

But the other balk at the end of the cotton thread 
also gave up its negative,, to the rod, and received 
positive front it in exchange and yet it^ constantly 
clings to the glass. Why is this ? 

That ball, after contact with the rod, is charged with 
positive electricity ; ^ut like all other charged bodies, 
it will get rid of this charge if it^ can, in order to 
become neutral again. 

. The cotton thread, unlike the dry silk, is a con- 
ductor, and allows electricity to flow akng it without 
obstruction. Hence the positive charge /rom the 
glass rod pasties away along the cotton thread to the 
earth, find negative electricity passes up from the earth 
along the same path to take its place. This negative 
continues to he attracted by the positive oh^ the 
charged rod, and that explains why one ball clings to 
the rod, -while the other is repelled by it. 



240 


A WORD ABOUT THE RUBBER 


SUMMAI^ OF THE LESSON 

^ 1. Water is a good conductor. 

2. Damp air is a good conductor; dry^air^is a non-con- 
ductor. 

3. Wood and cork are both coiidfictoi-s. * 

4. A pitli-ball suspended by* a dry silk thread is insulated, 

because dry silk is a non-conductor. «, 

6. The same ball at the end of a cotton thread is not 
insulated, because cotton is a conductor. * 


Lesson LI 

A Word about the Kubber 

Before proceeding to the next step, let us review 
the position as far as we have gone. 

To begin with then, we ^now that all bodies, before 
they are excited by rubbing, are in a rfeutral state ; 
that is, they contain positive and negative ' electricity 
in equal quantities. The rubbing separates Jhe two 
electricities, and the body is then said to be charged. 

If it is chargeJ'with positive electricity, the negative 
disappears ; if it is charged with negative electricity^ 
the positive disappears. 

* That is to ^ay, when we rub a glass -rod with silk 
we cliarge it^ with positive electricity, and the negative 
seems to be lost ; when we rub a rod , of vulcanite, 
shellac, sealing-wax, or sulphur with fur or flanliel, we 
charge it with negative electricity, and the positive 
seem»*^lost. 

In every case*^ you see, the opposite kind disappears. 
What becomes of it ? That is the next puzzle for us 
to solve. Follow me carefully. 
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liiave Jiere a flannel cap, which is made to fit the 
end of the vulcanite rod, and lias a silk cord attached 
to the top of it. • 

Let us f«r the moment imagine that the cap itself 
is charged with el^trioity. 

What would be the resuk. if 
I held it up by the cord ? 

Of course . you have no 
^difficulty in telling that the 
cord would act as an insulator 
— it would prevent the elec- 
tricity from ]iassing away, 
because dry silk is a non- 
conductor. 

Having settled that point, 
we will now present first the rod and then the cap to 
the suspended pith-ball, and watch the result. 

You observe that neither of them affects the ball 
in any way — there is no attraction, no repulsion — 
and hence it is clear that both are neutral. That is 
to say, Eliey contain })ositivc and negative electricity in 
equal quantities. * ♦ 

No^, after warming both by the fire, 1 will place 
the cap well over the end of the rod, and one of* you 
* shall hold it by the ^Ik cord, while anqfher twists fhe 
rod itself round and round in it about ten or a dozen 
times. ' 

The rubbing of the flannel cap on the vulcanite 
must, as you know, charge the rod with negative 
electricity. But if, without removing the cap^ you 
bring the rod near the suspended pith4)all, you observe 
that thej'e is still no movement whatever. 

The rod, although we know it must be charged 
S. R. VII R 
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with ]^gative electricity, fails either" to attract o(i‘t'repel 
the pilh-ball. It stifl acts precisely like a neutral 
body. A This is puzzling. Let us try to find out the 
meaning of it. 

Puh the cap qjBf the rod ^by (he silk cord, and hold 
' it near the pith-ball, and you see that the flannel cap 
itself attracts the ball, showing that it is now charged 
with electricity. ,, 

ThCn bring the^rod near it in a similar way, and 
you observe thslt in this case again there is instant 
attraction. The neutral ball is attracted in turn first 
' by the cap and then by the rod. 

I need scarcely remind you that neutral bodies can 
be attracted only by charged bodies; and hence it is 
clear ^hat both the cap and the rod are now charged 
with electricity. ^ 

We know then that the cap is charged, and that 
the charge cannot escape, because the suspending silk 
cord acts as* an insulator. ‘ 

Now, as the next step, I will charge the pith-ball 
itself positively by touching it with the electrified gl^s 
rod, and you shail once more approach it with the 
flannel cap, still suspended of course by the silk cord. 

As you do so, you observe the repulsion which ^ 
takes place, ^he ball flies away" from the cap. 

Now, weJknow Jhat the pith-ball is charged posi- 
tively, and that like charges repel. Hence it is 
evident that the cap itself must be charged with 
positive electricity. 

will, in the next place, bring the vulcanite rod 
'iiear the pith-ball, and you observe that the ball 
'^^fetantly flies to the rod. There is violent attraction. 

' Here again the whole result is very clear. The pith- 
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ball k changed positively, unlike charges attr^t, and 
therefore the rod which attracts* the positively charged 
ball must itself be charged with negative electricity. • ^ 

We conelude from these experiments that when 
vulcanite is •rubbed with flarinelj, both kinds of 
electricity are generated, aiKi that one kind cannot be ^ 
produced without the other. 

It is equally conclusive that the negative charge 
*goes to the rod, and the positive charge to the rubber ; 
and as the two charges neutralise each* other while the 
cap remains on the rod, it is evident that they must 
be equal in quantity. ^ 

Now let us take another step. I will rub the 
Vulcanite rod with the flannel in the usual way, and 
then lay the flannel on the cap of the electroscope. 

We know that the rubber is charged as well as 
tl>e rod. Is it not strange then that there is now no 
movement inXhe gold leaves ? Here is another puzzle, 
which we must solve. 

You know that when a charged body touches the 
cap of fhe electroscope, it shares its charge with the 
leaves, and the leaves by diverging* show that they 
have r^eived the charge. But in this case the leaves 
remain neutral, and it is fherefore clear that they have 
•received no charge. 

The truth is, there is no charge whatever on’ the 
flannel now, although it took away all the positive 
electricity during the rubbing. What then has 
happened since ? Let me show you. 

I will repeat the experiment, but this time, l^fore 
taking hold of the flannel, I will piJt on an india- 
rubber glove. 

When the charging is over, you observe that the 
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leaves: diverge immediately the flannel touclies the cap, 
evidently proving that^'there is a charge on the flannel 
this time. 

Then too, while the flannel rests cn the cap, if I 
charge the glass jod with silk, touch the cap with 
' the charged end, ^you will see the leaves diverge still 
more, showing that the positive charge from the glass 
repels a like charge in the leaves, and of course that 
charge must have come from the flannel rubber. 

If we repeat^the expeiiments, substituting the glass 
rod and silk rubber for the vulcanite and flannel, we 
know that the charge given to the glass is positive, 
and that therefore the silk must be cliarged with 
negative. 

But it is clearly seen that, when the rubber is held 
in the bare hand, the charge on it is lost; and when 
the insulating india-rubber glove is worn, the charge 
shows itself by making the leaves diverge, 

You will now understand that in charging a body 
we separate the positive electricity from the negative, 
one charge remaining on the body rubbed, tfie other 
going to the rubb^>r. 

The puzzle of being unable to trace the chdrge on 
the rubber in the ordinary'' way has also been un- 
ravelled ; for ^ you know that * as rapidly as it is‘ 
deveSoped it* escapes by the hand, and so through the 
body ^0 the earth. 

The glove, being an insulator, prevents the* escape 
of the charge from the rubber. 

Summary of the Lesson 

1. Wlien a glass rod is charged with positive electi-icity, the 
negative charge goes to the rubber. 
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2. •When^vulcanite, sealing-wax, shellac, or sulphur is charged 
with negative electricity, the positivi charge goes to the rubber. 

3. When we charge a rod in the usual way the opposite 
charge disappears from the rubber. 

4. It is cdhdufted away by the hand which holds the rubber, 
and so it escape* through ^le body to the e|irth. 

5. We can retain the charge on the rubber by insulating i 
if with an india-rubber glove. 


Lesson LII 

Electric Induction 

Our first introduction to the piece of amber, J 50 u 
remember, showed us how electric force can be 



generated by friction. Then, after following this up 
by rubbing a variety of bodies with •suitable rubbers, 
we took another step, and found that bodies may be 
charged by me«‘e contact, without any rubbing at all. 
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let us take a third step. 

I |ub the vulcanite rod with fur or flannel, and 
bring fit slowly and gradually near the cap of the 
eiectr^cope without letting the two tMngif touch. 

As this is bping done,* and: even wkile the rod is 
^ some distance off, you observe that the leaves begin 
to dl^^ige ; and as it approaches nearer, they spread 
farthe|r and farther apart. , 

Of course I need not remind you that this diverg- 
ence of the lea^^s proves that they are charged with 
electricity. 

If I now withdraw the rod in the same slow, gradual 
, manner, you observe that, as it moves away, the leaves 
begin to collapse, so that when it is quite removed they 
liang parallel once more — they are no longer charged. 

Now watch again while I repeat the experiment 
with the rod more strongly charged, and you will 
observe that it affects the leaves at a greater distance 
now, making them at the same time diverge more 
than they did before. 

Two things must be carefully borne in mind during 
these experiments.^’ The first is that the rod and the 
electroscope do not once Qome into contact ; the 
second is that the dry air between the two is an . 
sulUtor. Henc^e it is clear that^tlie leaves could not 
haveT)een charged Ijy conduction. 

It was* the influence of the charged rod acting 
across the insulating air-space which charged the 
leaves. While they were under that influence the 
leaver* repelled each other, because they were both 
charged with the’ same kind of electricity ; but when 
the infliienoe was removed the leaves became jieutraf 
again, ^ in that state they collapsed.^ 
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TShis ch^,rgiiig by influence i$ called induction. I'lie 
charged |>ody which exerts thi influence is known as 
the inducing body; the body^which is acted upon#is 
called the induced body ; tlie charge given to it is said 
to be an ind^iced ch^ge ;• and the insulating air-space 
through which induction acts is called the dielectric. • 
• Let us now endeavour to find out what actually 
takes place when a body is charged by induction. 

I will insulate this metal bar by resting it on a 
glass tumbler, and then connect one emd of it with the 
electroscope by means of a piece of copper wire, 



attachihg one extremity of the wire to the cap, and 
twisting the opposite extremity roiMd the bar itself. . 

Wlien the connection has been completed in this 
way, it Js clear, not only that the bar, the wii^, the 
cap, and th^ leaves^ being made of metal, are all eon- 
ductors, but also that, as they are all ponnected to- 
gether, they practically form a single condifbtoL 

I£ now I strongly charge the vulcanite rod once 
mqre, and bring it^‘ slowly near the far end of the 
metal bar, you will observe that the leaves .of the 
electroscope at the opposite end at o»ce diverge. 

You know they cannot have been charged by 'con- 
duction, for they are not connected in any way with 
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the excited body. Hence it is clear that tljc influence 
of the charged vulcanite rod is inducing electricity in 
tliiie metal bar near it, and that the leaves of the 
electroscope diverge as a result of this induction. 

But we must go fartheir thfyi this. Lift 'the wire 
<now with the non-conducting glass rod, so as to break 
the connection between the metal bar and the electro-*, 
scope, while I still keep the inducing vulcanite rod in 
the same position. When that is done, you observe * 
that the leaves st^ill remain spread out — they are still 
charged with electricity. 

Now watch what happens when I bring the 
vulcanite rod nearer. They diverge still more; that 
is to say, there is greater repulsion than before. Now* 
we know that the charge on the vulcanite is negative ; 
and we also know that like charges repel. Hence it 
is clear that the leaves themselves mu^ have been 
charged with negative by induction. t, 

But we also know that unlike charges attract, and 
that leads us to infer (and it can easily be proved) 
that the end of the metal bar nearest to the nega- 
Xively -charged vulennite is itself charged with positive 
electricity. ‘ 

Indeed, we may sum up ’by saying that when a 
body is charged by induction 4ts elegtricities are 
separated by ^he influence of the inducing body, which 
repels tfiie like and attracts the unlike. 

If, as we have seen, the inducing body is charged 
negatively, it will attract positive and repel negative 
to the < leaves ; but if the inducing body is charged 
positively, it will# attract negative and repel positive 
to the leaves. 

In this respect the induced body resembles a 
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magnet, for# it has two poles, and we may say it is 
polarised. 

If we substitute rods of glass, vulcanite, sealing- 
wax, and shella(f for the metal bar, there is no evidence 
of induction, no polar^atien in any jf them, however 
strong the charge, and the. reason for this is obvious. 
Glass, vulcanite, sealing-wax, and shellac are non- 
-conductors ; they resist the flow of electricity, and 
lienee their electricities cannot be separated. 

Induction can only take place witli conductors. 

Summary of the Lesson 

1. Induction takes jjlace when a cliaiged body exerts an 
influence over another body without touching it. 

2. Tlie insulating air-space between tlie (charged b(^y and 
the body under inductioi; is called the dielectric. 

3. The induced body beconu^s polaristnl. 

4. The clij^rged, or induciftg body repels the like, and 
attracts the unlike eleciricitie.s of the body under induction. 

5. Induction can only take ]da(;(‘ witli conduct(jr.s. 

G. Non-conductors resist tlie tiuw of electricity. Hence 
polarisation cannot take place, and there can be no induction. 


Lesson LHI 

More about the Elec^croscope 

Oiw recent lessons have shown us the use of the 
electroscope, and in the next ' place I want you to 
learn how to make one for yourselyes. But •J^efore 
we proceed with this,, suppose we have a little talk 
about tt^e iusttument itself. 

Look at it as it stands on the table, and you see 
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that leaves hang parallel side by sidec But why 
do th^y han^ parallel ^ Because they are neutral. 

» What does that mean ? It means that they are 
in an uncharged state. 

How could ^we charge th'^m ? By bfinging a 
charge^ body near. 

What would happen then ? The electroscope 
would be charged by induction, and the leaves would^ 
diverge. 

Why do they diverge' ? They repel each other^ be- 
cause both are then charged with the same kind of 
electricity, and like charges always repel. 

Exactly ; and from this we learn that the first use 
of the electroscope is to show the presence of elec- 
' tricity. ‘ 

You remember also, no doijibt, that in our last 
lesson we approaclied^^ the electroscope first with a 
slightly charged rod,^ and afterwards with the same 
rod more vigorously rubbed. What happened ? 

The strongly charged rod affected the leaves at a 
greater distance, and made them diverge more than 
they did under tlffe infiuence of tbe slighter cllferge. 

Quite right ; and it is clear from this that the next 
use of the electroscope is to ??how the amount of elec-^ 
tribity with which a body is chaffed. 

Those same experiments, too, proved ^hat if a body 
charged with positive electricity causey ^ the leaves of 
a charged electroscope to diverge more, the electro- 
scope itself must be charged positively ; and, on the 
othei;*hand, if aj^ody charged with negative electricity 
causes the leavefe of a charged electroscope to diverge 
'more, we know that the electroscope itself jnust be 
charged negatively. , ^ 
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Or we€iaay put it in another way by saying that 
jf an electroscope is charged with either kind of elec- 
tricity, and a charged body causes its leaves to divei^e 
more, we Eno;^-tliat the body itself and the electro- 
scope are sinrilarly cLargeU. • 

, Hence, if we know hoi^the electyjscope is charged, 
•we can at once tell the nature of the charge on the 
^ body we wish to test. Therefore, you see, a third use 
of the instrument is to determine the kind of elec- 
tricity wjith which a body is charged.* 

Now, as we have all the materials ready to hand, 
I will at once proceed to make an electroscope, ancj I 
^want you to pay particular attention, because I am 
going to offer a prize for the best one you can after- 
wards make for yourselves at home. » 

Let us commence with the most essential part of 
the contrivance — the golc^-leat Look at this piece 
w’hich I hold in my fingers.. It is very delicate and 
flimsy ; the least breath of air blows it about, you see. 
This at once gives us a reason why these leaves must 
be kept in a closed vessel. It prevents them from 
being Hfown about , by the movement *of the air. 

Bill there is another reason. The air on damp 
, foggy days is full of moisture, and damp air jou 

know is a oonductoV and would robt the leaves of 
• ’ * 

their electricity. • • ^ , 

The glass^V^asel, therefore, protects the leaves not 
only from the movement of the air, but also from 
damp. At the same time it is transparent, so that 
we can see the leaves distinctly. This bottle. With a 
cork to close it, will suit our purpose Veil. 

Now., I have here a piece of copper-wire and a 
I'ouiid disc of tl\e same metal, and the next step is to 
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solder one end of the^wire to the centre of this* disc,* 
When that is done, of course the disc and the wire 
vrtll form a single conductor, along which electricity 
can flow to the inside of the bottle. • * * 

But the wire»must pass* tho ugh thtf cork, and as 
cork is a conductor, the dectricity would pass away 
from the wire to the cork, and never reach the inside 
of the bottle. 

What must be done to prevent this ? The wire 
must be insulated. 

How sliall we do that ? By surrounding it with 
so^ne non-conducting material, so that it cannot come 
in contact with the cork. ^ 

Quite right; and this is what we must do next. 
I wilhbore a hole through the middle of the cork, and 
insert a piece of glass tubing inr it. Then if we pass 
the wire through the tubp, and lix all three firmly 
together with a patch o^ hot sealing-wa^^ on the top 
of the cork, we shall know that the wire ii^* safely in- 
sulated, for glass and sealing-wax are both non-con- 
ductors. ^ 

How, as the next step, we will ^solder to tfie lower 
end of the wire this little piece of thin sheet-brass, to 
form a support for the gold-leaves; and wdien that is. 
done, all that remains is to cut tlie two strips of gold- 
leaf arjd fix them where they are to hang. 

This, however, from the nature of ,the gold-leiif 
itself, is the most delicate part of the whole bitsiness, 
for the thin flimsy material is very liable to be torn. 

The best way is to fold the gold-leaf between a 
sheet of paper, ^nd cut it with the scissors. Then, 
instead of trying to pick it up with the fingers, touch 
the two sides of the little brass plate with the smallest 
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drop^of wgak gum, and slightly press them one by 
one on the ends of the two strips of gold-leaf. In 
tliis way it will be easy to fix them without touchiiig 
them with the fingers. 

Nothing njore reinajins to be done but to lower them 
into the bottle, and fit the cork securely in the neck, . 
ijind our electroscope is complete. 

‘ Summary of the Lesson 

1. The electroscope enables us lo detect the presence of 
electricity. 

2. It shows the quantity (more or less) of electricity with 
which a body is charged. 

# 3. It determines the kind of electricity with which a body 

is charged. 

4. A clean, dry transjiarent vessel is necessary, to ^exclude 
draughts and danqj, and enable us to see the leaves. 

5. Cap, rod, and leaves are all conduelors. 

6. The glass tubing and sheljlac-tij^ing insulate the wire from 
the cork. * 


|>esson LIV 

THK ELECTKOrilOlUJS 

As our nQxt stepf we must now endeavour to m?ike 
ourselves familial' with another ^ useful, iiistrutiient, 
the electrophorus, for that will lead up nhtufally to 
a very interesting part of our subject. 

Here is the instrument, and you see it consists of 
three distinct jiarts, which are known res])ectivfly as 
the sole, the plate, and the lid. • 

The^plate is the most essential of these three parts, 
so we will deal with that first. 
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It ii^ siinply a round, flat, thin disc of vnloanite, 
and ydu know that Vulcanite is a non-conducting 
njaterial, which develops a charge of negative elec- 
tricity, ^when it is rubbed with fur or ^flannel. 

» Takife this vulcanite rod^ an(J^ after exciting it in 
, the usi^al way by rubbing it with fur or flannel, draw 
the charged end “once or twice across the cap of tbe^ 
electroscope, as if in the act of wiping off something 
from it. 

As that is b^ing donej you observe that the leaves 
diverge, and you know, of course, that they repel each 
other because both are charged with the same kind 
of*electricity. 

But can you tell me how they were charged?* 
They were charged by conduction, when the rod came 
in contact with the cap. 

Exactly: the fact is, the negatively charged rod 
parted with some of its owA charge to the leaves, and 
they therefore, like the 'rod itself, are now charged 
negatively. 

Having settled this point then, we will now turn 
our attention to the vulcanite plate. Warm it by 
the fire, and then after rubbing it welf with the 
warmed catskin, bring it cautiously near the cap of 
the.electroscope. ♦ 

Wfhen this is done, you observe* that the already 
diverging leaves spread out still farther as the plate 
approaches. * . 

You observe too that the charged plate acts on the 
leaves hy induction, for it does not come into contact 
with, fhe electroa^jope, and the further divergence of 
th§ negatively charged leaves is a proof that the plate 
is also chaiged negatively. 
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TJiis pjate is usually known as the generating 
plate, because in using the fnstrument we 
commence by rubbing the plate 
itself with fjir Oir flannel, to generate 
or develop a gharge it. • 

Now let us pass on to aptice the 
found metal dish in which the"" 
vulcanite plate rests. It is known as the sole, and 
*is intended to be the connecting link between the 
generating plate and the eartii. ^ 

Hence it is always made of metal, or some other 
conducting material. 

The third part of the contrivance is called the fid 
or cover. It consists essentially 
of a metal disc, which is slightly 
smaller than the vulcanite on“ which 
it*rests, and is provided with an up- 
. right gldss handle fixed to its centre. 

The m^tal disc itself, which rests on the generating 
plate, is a conductor; the glass handle is a non- 
conductbr. 

If therefore the tlisc receives a.jcharge, the elec- 
tricity • canilbt pass away, because the glass handle 
acts as an insulatof, and obstructs its flow. • 

There is one point# in connection 
with the lid and th^generating plate 
to w'hich I must now specially 
direct ,your Attention, because it 
would escape your notice otherwise ; 
and as it is a most important part 
of the whole contrivance, you must 
be careful to bear it in mind, for we must refer to it 
later on. 
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You observe that iiltliougli the lid r^ts oji the 
plate, I can easily ‘pasi this slip of paper between the' 
tjyo, and that is sufficient to prove that they do not. 
touch at all points, or in other word® tfeat there is 
some amount of ^ace between ^hein. 
t This space oi course 13. filled with air, and so it 
follows that the "generating plate is separated by thig 
thin layer of air from the conducting metal disc above it. 

We shall have more to say about this ; but for the* 
present it will be sufficient for you to clearly under- 
stand the use of eacli part of the contrivance. 

The vulcanite plate is for the purpose of generating 
01*' developing a charge of electricity ; the metal sole 
is to act as a conductor between the plate and thfl 
earth ; and the glass handle, being an insulator, is to 
prevent the electricity on the lid from passing away 
when we take hold of it. 

4 ’ 

Summary of the Lesson 

1 . The vulcanite diac of an electropliorus is known as the 

generating plate. • 

2. The original charge is given hy^ rubbing this plate with 

fur. • 

3. Tlie metal .sole, being a conducloi', is inteiK^jd as the con- 
necting link between the generating jdate and the (u'lrth. 

A. The lid, or cover, consists of a metal disc with an in-\ 
Biilating handle. * 


Lesson LV 

The Elegtrophorus at Work 

In our last lesson we examined the different parts 
of the electrophorus ; our next business will be to 
how it is used. 
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We will commence at onc| then by holding the 
.generating plate in front of the fire, to thoroughly 
dry and warm it, after which we will place it fh 
the sole, a!iid •mib it vigorously with the wanned 
catslvin. • ^ • » * 

The rubbing, of course,*develops negative electricity ^ 
#n the upper surface of the disc. But you must 
^remember that vulcanite itself is a non-conducting 
material, and that the sole in its present state is 
neutral, and in connection with the eafth. 

Under these conditions the non-conducting vul- 
canite becomes the dielectric. The negative charge 
on the upper surface of the plate acts by induction * 
through this dielectric vulcanite, attracting positive 
electricity to the top of the sole, and holding it i)ouiid 
there, while it repels jiegative electricity from the sole 
to the earth. ^ % 

• I now take the lid by the, insulating glass handle, 
and place* it on the charged 
vulcanite plate. But before 
doing so we must remember 
that, like the sole, it is in a 
neutraf state, for it has not - 
been excited or charged. * 

Let me also renfind you 

that the two discs liave been pufpQsely in?id§ so, a*s to 
touch at onlj a few points, and that consequently 
there is a thin layer of air between them. 

This thin layer of air then becomes the dielectric 
between the plate and the metal disc above it*»and 
the plate acts on the disc through th^s dielectric by 
induction, so that the electricities of the neutral lid 
are separated or polarised. 

S. R. VII 
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The positive ^ attracted to the under surface of 
the lid by the negative charge on the vulcanite plat^ ; 
and the negative is repelled to the upper surface of 
the lid. ^ ^ ^ 

Now observe" that, as flie r^xt step, I touch the 



top bV the lid with niy finger, 
and the result is that the re- 
pelled negative on the top of 
the lid escapes through my body 
to *the earth. 

But what becomes of the 
positive on the under surface 


of the lid ? That, you remember, 


cannot escape, for it is held bound by the negative 


charge on the plate. 



I will now remove my finger, and afterwards raise 
the lid from the plate by the insulating handle; and 
when that has been done it is clear that the positive 
charge on the ‘’"lid is no longer under the inducing 
influence of the generating plate. • 

But although free from that influence, it cannot 
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handle.insvlate3 it, and hence 
spreads itself all over the surface of the lid. 



, Therefore, if all this 
to find that the lid is 


■* • 

IS correct, we should expect 
now charged with positive 



electricity. Let us see whether this, is actually the 

T of the lid as 

I still hold it by the handle. • * 
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Ah! I thought it (.would give you a ^}tart. * You 
did not expect that spark and that crackling snap. , 

Now let me explain. The charged lid, as I held 
it, was in an unnatural state, and the* balance had to 
be restored. When a neutrak body, ^uch as your 
hand, approaclied, a rapid exchange took place. 

The lid parted with some of its positive charge tJo 
your hand, and at the same time took away negative, 
from it. This exchange is Nature’s way of making 
the lid neutrar again, and was the cause of the spark 
and sudden snap, 

1- 

Summary of the Lesson 

1. The electrophorus acts by induction. 

2. 'The non-conducting vulcanite is tlie dielectric between 
the negative ch u’ge on its upper surf&,ce and the sole on which 
it rests. 

3. The negative charge on the i)late i)olcari8es the sole, 
holding its positive electriciVy bound, and repelling its negative 
to the earth. 

4. Induction also takes jdace between the plate ai^d tlie lid. 

5. Positiv^e is attracted to the under surface of tlie lid, and 
negative is repelled^ to the top. 

6. When the finger touches the top of the lid, thfli repelled 
negative is conducted away, but the jiositive is held bound. 

^ 7. When the lid is lifted out of range of the inducing 
influence of tlie^- plate it is found to^'be charged with positive* 
electricity, v 

Lesson LVI 

“ I^LECTRICITY IN THE AlR 

Our recent experiments with the electrophorus 
were intended as a stepping-stone towards the proper 
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undei^tanding of one of the most wonderful of 
Nature’s phenomena. 

In those simple experiments, it is true, we could 
not do mori thaji produce a spark and a snap ; but 
with suitable rfipparatns it*is an easy^ matter to obtffin 
larger and much more brilliant flashes, accompanied 
by loud explosive cracks. 

It was the sudden flash of the electric spark 
produced by these experiments, and the explosive 
cracking noise accompanying it, whioii first led men 
to guess at the real nature of lightning as a flash of 
electricity through the air. 

This guess naturally led to the inquiry as *to 
where the electricity came from, and the question was 
solved by Franklin in a curious way. 

He let a kite uj) into the air by means of pack 
thread, having first fitted to it a steel wire, the top 
of# which stc¥)d an inch or so above the kite itself. 
To the l«wer end of the *tliread he fastened an 
ordinary door-key, and to the key he tied a silk 
thread for holding it, so as to insulate it from the hand. 

Then, after connecting the ke}»with the cap of 
(in eftctroscope, lie waited for the result. The 
electroscope showc^l no Sign at first, but after a •time 
* rain began to fall, and ahnost immediately the leases 
diverged, showing that they had received ^ charge. 

The explanation, of course, was sim^e. * The 
electricity was in the clouds, and the steel wire, being 
a conductor, collected some of it, and passed it on to 
the thread which held the kite. The wet thread, 
being also a conductor, carried the tcharge down to 
the steel key, and so to the electroscope. 

In this way, you see, Franklin actually brought 
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elecCricity down from the clouds, and sii^ce hip time 
similar experiments have proved that electricity is 
qlways present in the atmosphere, but in varying 
quantities. In fine weather the cloiAds«are usually 
chatged with ^positive, but during raii\, hail, or snow 
negative mostly prevails. . . 

And now I suppose you are beginning to wonder 
where this electricity comes from, and why it is 
always present in the air. Let me explain. 

In the first ^place you must remember that the air 
is one of Nature’s great agents, and that it is never 
still — it is always on the move. 

• The heated, rarefied air, forced upwards and 
onwards by the colder and denser air all rouncf, 
becomes a wind ; and water vapour, constantly rising, 
not only from the vast bodies of water, but from‘ the 
solid earth itself, Jind from all animals and plants, is 
also a source of movement.* ^ «. 

The whole atmosphere, you know, is made up of 
minute particles of air and water- vapour, and it is the 
mass of these particles which are constantly on the 
move. t. ‘ 

But like every other kind of matter, they must 
produce some amount of friction, , as they brush by 
one another, ^and friction, as .you know, produces' 
electricity. ^ ‘ 

These* simple natural movements of the air are 
then the sole explanation of the wonderful phenomena 
of lightning and thunder. 

The moving particles of air and water-vapour 
produce friction ; the friction produces electricity ; 
every little particle of water -vapour itself a 
conductor; and the electricity produced in this way 
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is cayried jip wards by these particles of water- vapour, 
as they rise to form the clouds.® 

Hence it is that the clouds themselves become 
Nature’s gi^at storehouse of electricity. 

Now let ijs imagine a, positively-charged cloudj|to 
be hovering over solfie particular place, and I thihk^ 
J‘rom what you already know, you Afill be easily able 
to explain everything that follows. 

Ill the first place, let me point out that between 
the cloud and the earth is the dry insulating air, and 
that of course becomes the dielectric. Under these 
conditions, you remember, the positively -charged 
cloud can act on the earth only by induction, 
“attracting negative and repelling positive electricity. 

Hence that part of the earth directly under the 
cloud, and everything on it — trees, buildings, and 
living creatures — are all charged negatively, and we 
Q^n easily Reduce the rest* 

We know, to begin with,* that every charged body 
struggles to become neutral again as soon as possible. 
You r^ieniber that all the time the lid of the electro- 
phorus was chargefl, there was a^struggle going on 
with •this very object, and of course the opposing or 
resisting body w^ the dielectric air all round. • 

When you brougjit your knuckle near, there was only 
a small space of 1;his opposing air between it aud the 
lid, and the inductive force of the^charged lid overcame 
the i;psistan6e of the air, so that an exchange took place. 

The positively -charged lid gave up some of its 
positive to the hand, and robbed the hand of gome of 
its negative; and this exchange qf electricities was 
made evident by the spark and the sharp snap which* 
accompanied it. 
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Apply this to the charged cloud, audcthe whole 
phenomena of lightnidg and thunder are as clear as 
n0on-day. 

As the cloud sails along, it gets so «iear the earth 
that its inductive force overcomes the « resistance of 
<^the dielectric air ; and the. ^moment this happens an 
exchange takes place, the cloud giving up to the eartlv 
some of its positive, and receiving from the earth some 
of its negative, or vice versa. 

The passage ©of this ^electric discharge from the 
cloud is made evident by the brilliant flash, which we 
call lightning, and the loud noise resembling an ex- 
pWsion, which is known as thunder. 

« 

Summary of the Lesson 

1. lllectricity always present in the atmosphere, 

2. The clouds are Nature’s great storehouse of electricity. 

3. In fine weather positive eV^ctricity abounds, lait in damp 

rainy weather negative is usually ])revalent. * ‘ 

4. Evaporation and the winds are Nature’s getteralors of 
electricity. 

5. A chai’ged cloud arts on the earth by induction 5 the air 

between the two is the dielectric. % 

G. The inducing (?lbud polarise.s the earth below it, repelling 
its like, and holding bound its unlike electricily. 

7. ^Vhen the distance between Hhe ch)nd and the earth is 
sucK-as to enable the attractive force of ^thc two electricities to 
overcome the resiAance of the dielectric a;i-, there is a flash of 
lightning, caused by the exchange of electricities wliicli takes 
place. 


Lesson LVn 

Lightning and Thundeu 

4 

In our experiment with tlie elecirophorus we saw 
the electric spark, and our last lesson showed us that 
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every flasl^ of lightning is really an electric spark on 
an immense scale — Nature's electric spark. 

Let us now proceed to investigate the cause of the 
report. . 

In the fi;'st place, thoji, it is easy to iiiiderstaftid 
that, when the dis(^iarge .takes jdace the lightning# 
Jieats the air in its passage, and of course this heating 
causes a sudden expansion. 

This expansion is followed naturally by an equally 
sudden rush of air into the rarefiei space ; and the 
expansion and consequent rusli of the air itself are 
supposed to be the cause of the violent report, which 
always accompanies a lightning flash. 

• You know that the same thing happens Avheii a 
gun is fired, for there is first a flash and then a 
report. 

If a person stands ]iear the gun when it is fired, 
hg sees the, flash and heJrs the report at the same 
instant; J3ut if he watches* it from a distance, the 
report is not lieard till some time after the flash is 
seen. * 

In the same wa;^ lightning ain^ thunder actually 
occur •at the same instant; but light travels, as you 
know, at the rate^ 18fr,000 miles a second — it*i^in 

* fact instantaneous— •-while sound travels only abt)ut 
1200 feet a seconfl. 

Hence it is an easy matter to calculate the dis- 
tance .of the* spot wliere the discharge takes place, if 
we multii>ly 1200 feet by the number of seconds 
which intervene between the flash and the report. 

Tims, if we hear the thunder »ix seconds after 
seeing the flash, we know that the discharge has taken 
place 6 X 1200 feet from the spot where we stand. 
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Now as regards the lightning . itself, ^ ever3{ one 
knows that it is not ^always the same in character. 
Qne kind is commonly described as forked lightning, 
another as sheet lightning. r , 

• Forked lightning takes sort of zig-zag path to 
^.tbe earth, and tins is prQbabl)^ due to the unequal 
pressure of the air through whicli the discharge passes,, 
the flash taking the path of least resistance. 

Every electric discharge, . however, as it rushes ' 
through the air^in its zig-zag path, illumines the cloud 
from which it emanates, and is reflected in distant 
parts of the heavens, and it is this reflected flash of a 
dfetant discharge which we call sheet lightning. It 
lights up the whole sky. * 

It'^ frequently occurs too that flashes of sheet 
lightning are seen to illumine the whole horizon, but at 
BO great a distance that the thuiider cannot be heard. 
This is known as heat lighliiiug, or sumnjer lightning. 

The rarest and most dangerous of alt Nature’s 
discharges is tlie one known as globular lightning. 
This is so called because, when a discharge takes 
place, globes or kalis of fire are^seen to naove some- 
what slowly towards the earth, and then suddenly 
explode with fearful violence.*^ . 

‘ Now a worrl or two more ab(^ut the report which *• 
follows the lightning flash. ' 

o o P 

Frbm ‘your own experience you know that, at one 
time there is a single report, like a sfidden yiolent 
explosion ; at another the thunder seems to burst into 
a ra^id succession of discharges resembling the rattle 
of quick-firing guns ; and at another again it rolls 
through the air witti a noise like the rumbling of 
heavy waggons. 
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Jhe which is known as a thunder clap, always 
accompanies a discharge whfth travels by a short 
direct path. The rattling thunder is produced wljen 
the disch^getfnoves in a zig-zag path, and the rolling 
or rumbling. thunder is simply the echo, or reverbera- 
tion of the discharge throi^gh the clouds. 

Summary of the Lesson 

1. Lightning and thunder may he regarded as Nature’s 

electric spark. • » 

2. Forked, sheet, and globular lightning are varying forms 
of Nature’s display. 

3. The report or discharge also takes varying forms, su^- 'as 
^ the thunder clap, the thunder rattle, and rolling or rur^bling • 

thunder. 


Lessogi LVIII 

The Lightning Conductor 

Fe^v people, I suppose, ever contemplate a thunder- 
storm without sonfe amount of ckead, more or less, 
because of its dangerous character. 

When the di^harge takes place, it strikes every- 
thing in its path, Jailing men and aijimals, firing* and 
destroying buildrtigs, blasting trees, aiid^ even melting 
metals. * • * 

I^et me* once again explain the nature of the 
phenomenon. 

A cloud charged with one kind of electrujity in- 
duces the opposite charge in the e^irth below it, and 
of course it attracts the induced charge to the nearest* 
possible point. 
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These two charges are only kept apa^t by, the 
resistance of the diele(5tric air between them, and if 
th^ cloud approaches near enough for its electricity to^ 
overcome that resistance there is an instant, discharge. 

•Xow it is clear that, as the tops of bjijildings and 
trees offer the nearest and most iirect path from the 
cloud to the eartli, they are the most likely objects , 
for the electric discharge to strike. 

If the lightning strikes a tree the discharge finds 
an easy path to, the earth, because wood is a good 
conductor of electricity. 

But it sometimes happens that cattle, and even 
^ thoughtless ignorant people, take shelter under a tree 
‘ during a thunder-storm and are killed. ‘ 

The reason of this is that the bodies of men and 
animals are even better conductors than wood, and 
the discharge after striking the tree leaves it at once 
for these living bodies, becduse they afford an easier; 
path to the earth. . 

One of the first things a child should be taught is 
that, it is highly dangerous to take shelter uhder a 
tree during a thun<ier-storm. * 

Let us now imagine a man out in the open, •‘with 
a heavy thunder cloud stretclmig for, miles across the 
sky* overhead, iyid for the sake of example we will 
suppose that ^t is charged positively.* 

Under 'these conditions it is clear that the man’s 
body, like the ground and everything around, him, 
will be negative by induction, and that all the 
positive* electricity will bo repelled to the earth. 

Now suppose ^liat, while things are in this state, 

* there is a discharge from the cloud some distance off. 
The discharge of positive electricity from any one 
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point tends to neutralise the^ whole cloud, and the 
jresult is that induction ceases for a moment, leaving 
the repelled positive free once more to return to tfie 
surface of the ^rth. ^ 

There is,® in con^quence, a sudden upward ruslf of 
positive electricity Hom the earth to^ neutralise every# 
•thing on its surface, and the man receives a violent 
shock, which is commonly known as the return shock, 
and often proves fatal. 

But let us suppose that the man has a pair of 
strong india-rubber or gutta-percha-soled boots on his 
feet, and note the difference. 

^ Induction takes place of course in the usual way;, 
the charged cloud attracts the unlike and repels the 
like electricity. But the repelled electricity^ cannot 
escape from the map’s body to the earth, because the 
non-conducting soles of his boots insulate him. 

• If therefore the cloud is charged positively, his 
body is •polarised, the upper part of it being negative, 
the lower part positive ; and when the discharge takes 
place and induction suddenly ceases, he feels a slight 
shock, but it is only caused by tlie mingling of his 
own* electricities, and not by any violent rush of 
positive from th® •earth.* • , 

The dangerous •character of lighliiing led m5n to 
devise some means of protecting thei« buildings on 
land and tjieir ships at sea from its effedls ; and the 
best* protection was found to be a long metal rod, fixed 
to the side of the building or the mast of the ship. 

All metals you see are good conductors, and offer 
an easier path for the passage of electricity than that 
afforded by other bodies. 

The rod, in fact, attracts to itself the lightning 
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which would otherwise have struck the baildinj^ or 
the ship ; and the charge thus attracted to the metal 
rod is conducted by it down to the ground, or into the 
water, as the <jase may be, without being /AloW'ed to come 
intb contact with rtie objects^ that^are to be protected. 
^ Hence these ,rods of nibtal c'&,me to be called 
lightning conductors, but after all the name only con- 
veys half the truth. 

It is quite true tliat the metal rod affords a down- 
ward passage fcr the electric discharge from the 
clouds ; but at the same time it provides an equally 
easy upward path for the opposite and induced charge 
c from the earth. 

Wherever you see a lightning conductor, you will 
observe, that the top of the rod is carried some little 
distance above tlie liighest point, of the object to be 
protected, and the reason for this is obvious, for the 
induced electricity is alvvays attracted to the highei^t 
possible point above the earth’s surface. 

But perhaps you want to know what is gained by 
making it easy for the induced electricity .to escape 
from the earth to fBe clouds. I will explain. 

The cloud, at every discharge, is being rapidly and 
constantly robbed of its electricity; Und the constant 
upward stream of the opposite k¥nd from the earth 
tends to further neutralise what is left, and so render 
it harmless. , 

Now that you are clear as to the purpose of the 
lightning conductor, it will be well to notice a few 
points .Of detail in connection with it. 

In the first pl4be the rod itself is usually made of 
galvAised iron or copper, and it must be continuous 
from bottom to top, without a flaw or break of any kind. 
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It mutfb be connected in j^ome way with all the 
eutside metal work of the building such as gutters, 
pipes, and spouts, and the top of it must terminate in 
a fine point, b^oause electricity always pagses off more 
rapidly from® points^ thail from blynted or rounded 
ends. The lower Aid of 'it — the eajth connection aa» 
•it is called — should terminate either in a well of 
water, or in the soft damp earth, so that the conducted 
downward charge may spread in all directions, and 
thus become harmless. * • 

Summary of the Lesson 

j 1. The tops of trees and tall buildings are the most likely 
objects to be struck, becaiLse they are nearer than the siirroiiud- 
ing objects to* the overhanging cloud. 

2. The lightning in its path to the earth leaves the* tree for 
a living body, because, «Qlthough wood is a good conductor, the 
bodies of men and animals are better conductors. 

• 3. The return shock is cauSed by the sudden upwaid rush of 
the repelled electricity from the*earth to neutralise everything 
on its surface the moment the inducing influence of the cloud 
ceases. « 

4. The •lightning conductor affords a ready downward path 
for the electricity from the cloud, and ai»»eqnally ready upwaid 
path 4br the earth’s induced electricity. 

5. The induced electricity, which flows off in a constant 
stream from the Top of the lightning conductor, tends to 
neutralise the charged*cloud. 


Lesson LIX 

Current Electricity 

We are now about to take anotlief step in electricity, 
and we will commence by referring to one of our former 
experiments. 
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I rest one end of a metal rod on a glaos tumbler, 
and the other end on the cap of the elect loscope. The^ 
if‘ I stroke the end resting on the tumbler with a 
strongly chqj’ged vulcanite rod, what'^ Vfihl happen ? 
Tlfe leaves will diverge, showing ^hat they are charged 
fwitli electricity. > 

Quite right; but I must remind you that the 
charge is given at one end and the leaves are at 



the. 6’ther. What is therefore tlro' only inference ? 
The*^ chai’ge musit travel along the vod. 

Ri^ht again ; and that is the reason why we call 
the metal rod a conductor, and say that electricity 
flows along conductors. 

We will now make this experiment our starting- 
point, but this time I will place the magnetic needle 
just below the mfctal bar, so that the two are parallel, 
but do not touch. 

If we now stroke the bar with the charged vulcanite 
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rod as before, we observe that not only do the leaves 
diverge, but the needle becomes digitated and n>oves on 
ifs pivot. The magnetic needle therefore afforcls 
another evi^enoe of the flow of electricity. 

I^ow for opr new and strange step. T have liei’e 
some dilute sulphuru^acid^ jvliieh I will pour into this# 
glass jar, filling it about three parts full. Then I will 



*stand in the acid ^hese two strips #of metal, one 
copper, the other zi^ic. ‘ ^ , • 

You observe that the two ineLals are conheefed at 
the to^ by me*ans of copper wire, but 1 shall be careful 
not to allow them to come into contact in the acid itself. 

Now I will take this connecting wire in my hands, 
and hold it in a line over the inagujetic needle, and 
you observe that the needle at once begins to turn on 
its pivot as before. 

S. R. VII 


T 
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If you compare this with what you havp just^seen, 
you must come to the conclusion that the movement 
the needle is a proof that electricity is flowing 
along the wire. But how did it get thei’e ? Let us 
try to answer this question cStep by step, 

^ You noticed that the cucjid be^an to bubble, as soon 
as the metals were placed in it; and if you look 
closely you will see that the bubbles rise to the 
surface in thick clusters round the copper plate, while 
there are very few near the zinc plate. 

If I remove i/be copper plate, and substitute for it 
a similar strip of iron, connecting the iron and the 
zinc with wire as before, you observe that the needle 
moves in exactly the same way, showing that ther6 
is a steady flow of electricity along the wire, and you 
see the same bubbling in the liquid as before. 

But if T try the effect of using two strips of zinc, 
then two similar strips of topper, and lastly two strips 
of iron, there will be no movement in the peedle ; and 
although bubbling goes on round the j)air of zinc 
plates, there are no bubbles at all when two copper 
or two iron platee are used alondl 

When, liowever, we replace the wire-connectcd zinc 
^and copper plates in the liquid, Jhe commotion im- 
mediately stafts again, and th^ needle shows clear 
evidence of^a flow once ]nore. 

Tlie natural inference of course is that there can 
be no flow of electricity with similar metals, but when 
two dissimilar metals are placed in the acid, a flow of 
electricity is started. 

^?uppose we^now remove the wire connection, and 
test again as before. The needle gives no sign of 
movement. But if I make the two jdates lean against 
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eacl? othei* so that they are direct contact outside 
the liquid, there is evidence of a flow once more. 

It is clear from this that the metals, besides being 
dissimilar, ?nus1;»be connected. I>ut 
if we connect them witli string, 

g O’ 

the needle again refuses* to make 
^ny movement, for dry string is a 
• non-conductor and obstructs tlie 
flow of electricity. Hence we infer 
that the metal plates must be con- 
nected by a conductor. 

Now let us turn to the acid. 

^You remember that the copper plate, when placed in 
the acid alone, produces no bubbles, while bubbles 
come from each ;5inc plate under the same conditions. 

It is evident theBefore that the bubbles, which are 
constantly rising in clusters to the surface near the 
copper plate, cannot actually come from the copper. 
They mu^ have come from the zinc, and they must 
have bejBii forced, or driven tlirougli the liquid itself in 
some way,* from the ^inc to the copper plate. 

The constant output of fresh bubbles at the surface 
of the^ziiic plate becomes the actual force, which drives 
.forward those in* front, and they flow through {he 
liquid in a stream t)r currept, till the^ strike against 
the copper plate. . • • ^ • 

The force .thus set up is not lost; it communicates 
itself to the copper plate. But that plate, the wire, 
and the zinc at its opposite extremity, are all con- 
ductors ; and they conduct or carry back again the 
the force which was set up in the acfH on the surface 
of the zinc plate. 

The flow in fact travels round and* round, from the 
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zinc through the liquvi to the copper, anA from the 
copper, along the connecting wire, back to the zin^ 
again. 

^ Hence electrical force produced (in tSiis way is 
known as current ^ electricity." ^ ' 

( ^ .ft 

Summary of the Lesson ^ 

1. The deflection of the magnetic noodle proves that elec- 
tricity is flowing along the conducting wir(‘. 

2. Sulphuric achd acts upon zinc, hut not upon copper or 
iron. 

3^ Tlioro can ho no flow of electricity with similar metals. 

4. The metal plates must ho (;ounoc,ted hy a c.ondiicior. 

5. The huhhles come from the zinc, and are forced through^ 
the liquid to the co])peT*. 

6. TJhe force of this stream, or (‘urrent, is (jommuuicatod to 
the cojiper, and conducted hy the wire hack to the zinc. 

7. This flow of elec! lie force is knovMi as cuiTent eloctiicity. 


Lesson LX 

Ci?EMiCAL Electricity 

You remember, of course, that in our recent experi- 
in^nt the sulphuric acid, although' it had no effect* 
whatever on tfte copper plate, acteej. on the zinc, and 
caused a^ cbnstant* oommotion or bubbling in the 
liquid. „ 

Our next step must be to learn the nature of these 
bubbles, and for that purpose you sliall hold this test- 
tube ®in your hand, while I first drop into it some of 
these zinc clippings, and then fill it about three parts 
full of the cool dilute acid. 

You observe^ that bubbles at once begin to rise 
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upwards i» a stream through the liquid. But what is 

the matter ? Warm, is it ? 

• . . . . . 

So it is — in faet it is getting too hot to hold, •so 

stand it im th<?j:ack, and we will see 
what it all ii^eans. • ^ 

But perhaps youfjan tell me some- 
thing about it yourselves, for we have 
seen the same sort of thing in former 
lessons. 

What do you say ? Chemical # 
action is going on in the tube ? 

Well, you are quite right. Chemical 
action is going on, and that is the cause of the heat, 
*and also of the bubbles. 

Look ; I apply a lighted match now to the^mouth 
of the test-tube, and something bursts into a blue 
flame. What do you think that something is ? • 

• Yes, yoiuare quite right: hydrogen gas is burning 
there. TJiose bubbles whicfi you see streaming up- 
ward through the liquid are bubbles of hydrogen. 

The*ziuc and sul])huric acid are entering into new 
combinations, and during the proceife hydrogen gas is 
being ^‘volved in bubbles, which ,rise up through the 
liquid, and burst the Surface. • , , 

Now suppose we» leave the bubblet and the h*eat 
for the j)reseiit, anS turn our attention to.the coittents 
of the tube. * 

Tlu^i first thing to strike one is that there has been 
a wasting of the zinc, and if we leave the test-tube 
where it is, we shall find after a time that it h^s all 
disappeared. t 

Then if we take some of the liquid, and heat it in 
an evaporating dish over the Bunsen burner, there will < 
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be a residue — a white^ solid substance — left in, the 
dish after evaporation. 

« This substance — sulphate of zinc — is a chemical 
combination of the zinc itself and what^ is deft of the 
sutphuric acid, afjer its hydrogen has passed away in 
ibubbles. » ‘ 

c . 

I have here now a small glass jar of the acid, with, 
strips of zinc and copper foil sus- 
pended in it from a lead pencil. 

You observe that the liquid is 
still on the bubble ; hence we know 
that chemical action is still going 
on. The copper foil is thickly 
strewn wuth bubbles of hydrogen,^ 
and if we lift the zinc out of the 
acid, we see that it shows unmis- 
takeable signs of waste. 

Sulphate of zinc is being formed, and hydrogen gr^s 
is being set free in bubbles, which flow in afStream or 
current to the copper. 

Let me now explain that sulphuric acid ^is ^a com- 
pound formed of the elements — hydrogen, sulphur, and 
oxygen. It consists pf two parts hydrogen, onfe part 
sulphur, and four parts oxygeti, and for this reason the 
chdmist writes /t shortly thus — ILSO4. 

If' you call to, rnind our lessons on Chemical 
Affinity, j^ou will at once conclude that the reason 
why these particular elements combine iik this 
particular way to form this particular compound, is 
becau,^ they have a particular attraction for each 
other. < 

The only way to break up this compound ^into its 
component, part^ is by bringing it into contact with 
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somef other*body, which has greater attraction or affinity 
&r one of them. 

Let me give you an illustration. Two boys A a^d 
B are playilig fogether, when they are joined by a third 
boy C. Bet\teen this one and A Ihere is a strong 
mutual aversion, altfioiigh* •there is ftii equally strong* 
affection between him and B. The mutual aversion 
• drives A away, and then C and B commence a new 
game on their own account. 

Sonietliing like this happens when •zinc is brought 
into contact with sulphuric acid. Zinc has a strong 
aversion for hydrogen. It breaks up the combinsftjon 
^by driving away the hydrogen of the acid. • 

The remainder of the sulphuric acid (which we 
i^ay call the SO^ group) cannot exist alone, and so it 
immediately combines with the zinc to form a new 
compound, sulphate of zinc^ 

• The fact* is, the affinity Ijetween the SO^ and zinc 
is greatei' than that between the SO^ and hydrogen. 
Hence ^ breaks with its original combination to form 
a new one* ^ 

Now let us follow this up, and see what actually 
takes place in the jar when the wire-connected j^lates 
, are stood in the a^ffi. • • 

It is quite cleaj: Hiat thej*e must b^ a layer of the 
acid ill immediate contact with th« surface ojf the zinc 
plate, and tl^e result of the contact is to break up 
every *11101601116 of that layer into two groups — H., and 
SO^. The zinc and the SO^ combine to form sulphate 
of zinc, and the hydrogen is set free. *• 

Now it is a curious fact that thiS newly liberated , 
hydrogen is very active in its properties. It is able 
to break up the combination in the next layer of* 
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molecules, seizing the |S04 to make a new ftiolecitle of 
sulphuric acid, and setting its hydrogen free. c 

* You have only to picture to yourselves this same 
decompositic^i and recomposition going on through the 
next layer of moiecules, tlie nex^ and the next, until 
Vhe layer nearest^the co])pei' ‘plate is reached, and the 
whole thing will be quite clear. * 

This breaking up of the last layer of molecules sets 
their hydrogen free ; but hydrogen has no aftiiiity for 
copper, and therefore caiinot enter into cliemical com- 
bination with it. Hence some of it rises up the sides 



of the plate in bubbles, which burst on the Surface 
^f the liquid, and the rest collects OK the plate itself. 

It is clear Ihen that the cheiliical action between 
the zii,m and* the suJphuric acid not only liberates the 
hydrogen, but cels up a flow or current, through the 
liquid from the zinc to the copper. 

Under these conditions, and when the two plates 
are c^hnected by a conducting wire, it is always found 
that the current *set up in the liquid is conveyed to 
the wire itself, which thus acquires electrical force. 

We say that a current of electricity is passing along 
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the#wire,*and hence it is that ^electrical force produced 
^in this way is sometimes called chemical electricity. 

' • •JjiLIMMAllY OF THE LeSSON, 

1. When acid acts upon fine, hydrogen gas is 

.given oil'. ** », 

• 2. The residue is a new suhstance — sul[)hale of zinc. 

3. The l)uhl)les Avhicli How through the acid from the zinc 
to the co])]>ei' consist of hydrogen gas. 

4. Siiljihuric acid consists of hydrogen, sulphur, and oxygen : 
it may he written thus — • 

5. Zinc lias a strong affinity for the group, and an aver- 
sion lor liydrogen. , 

6. TJie SO^ cannot exist alone : it enters into comhinUtion^ 
I with tlie zinc ah soon as it is set free. 

7. Decomposition and recom])osition go on thrmigh the aidd, 

molecule hy molecule. , 

8. Some of the liberated hydrogen gas collects fui the 
co}i])er. 

9. The rest rises in hiihhlt# which huist on the surface. 

• 10. The l^lectrical force iiroijiiced in this v ay is sometimes 

culled clieftiical electricity. 


Losson LXI 

Y(tLTA.lC I'iLKO’J'lilGrrY' 

• • 

Here is our glass jar, with the zinc and copper 
jihitee and the wire connection between the two, just 
as we used them in the last lesson. But before we 
pour in the acid, to set the current working,*J[ want 
you to learn to call things by their proper names. 

To .begin with then, a vessel of any kind, fitted up 
in this way for electrical purposes, is called a celL* 
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There are several kin(l| of cell% but this (me is •the 
simplest of all in construction and working, and hence; 
it is commonly called a simple cell 

It is also^ known as a voltaic cell, f#bm*the name 
of ttie Italian scientist, Volta,* who invented it, and the 
electricity produced by its action \s frequently called, 
voltaic electricity! • 

Now let us watch the working of this cell a little 
more closely than we have done liitherto. 

You observe that, as sOon as the acid is poured in, 
the bubbling begins at the zinc plate ; but you see at 
the same time other bubbles rising in a stream to the 
tSurfSice of the liquid near the copper plate, althougli ^ 
you know that the acid has no effect whatever on 
copper. ^ 

Ah ! I see that you are eager ^o explain that the 
action begins at the zinc plate, and that the bubbles of 
hydrogen are forced through the licjuid from the zin® 
to the copper. ‘ 

That is perfectly correct, and it explains why the 
zinc, which is the chemically active metal, is known 
as the positive or ^^enerating plate, while the copper, 
which is chemically passive, is called the negative 
pl^t^. • ' ‘ • c 

¥ Eet us pass ok, as the next step,S /0 test the connect- 
ing wile with .the m£vgiieti(3 needle in the usual way, 
and when Ifiiis is done it at once becomes evident that 
a current of electricity is flowing along it. 

You have already explained that a current is set up 
at the zinc plate, in the form of a stream of bubbles 
flowing through the liquid. But you must clearly 
imdcretand that this stream of bubbles is not a current 
«if electricityv . 
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JChe i;pal electric current first shows itself at the 
j)oint of contact between the copper plate and the 
wire, and in consequence of this that point is known 
as the positive pole. The current thus^ started flows 
along the \sire to the zinc plate, an^ the point wHere 
the wire joins that^late*is called th^ negative pole. # 
j The zinc is the positive (or active) plate for the 
chemical action in the cell, but its point of contact 
with the wire which conducts the current back is the 
negative pole. • • 

The copper, on the other hand, is the negative (or 
passive) plate, as regards the chemical action in the 
cell, but its point of contact with the wire — the start-* 
ing-point of the electric current — is the positive pole. 

These simple voltaic cells were soon found^to have 
several defects, and^you have only to glance at a zinc 
plate, which has been in use, to discover one of these 
defects for, yourselves. * 

The plate will he sure to show evident signs of the 
wasting action of the acid on it, and if it has been 
much used it will probably be eaten away in holes. 

This useless waste of the ziifc, however, can be 
prevented by coating the plate with mercury. It is 
first washed cl(#iii wifh dilute sulphuric acid,,aod 
then the mercury its spread evenly %over its sufface 
with a piece of linen. 

The mercury unites with the zinc, ancf covers its 
surfa^'.e \yitfi a silvery -looking amalgam of the two 
metals. This coating arrests the too rapid waste of 
of the plate, and we say the zinc is amalgamated. 

There is another and even m%re serious defect, 
however, which gave considerable trouble at first. We* 
will deal with that next. . . ♦ 
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Our cell has been at work all tlie tini^ we have 
been talking. Let us test the wire with the magnetic 
needle as before, and you observe that the current 
seems to be very feeble now. It ca^es ivery little 
deflection in the needle. What can be tlje matter ? 

Look at the surface of the cd^.per plate, and you 
Will see that it 'is covered with bubbles. These of, 
course are bubbles of hydrogen, and they adhere to 
the plate, forming a him all over it. 

IsTow you reiyember that all gases are bad con- 
ductors. Hence th^e meaning of this obstruction is 
that, ^ this film of hydrogen gas forms an insulating 
^,coat all over the surface of the copper, and opposes 
the flow of the current. 

Let me prove this to you. I siiiij)ly lift the copper 
plate out of the liquid and replace it again, and then 
the magnetic needle will prove that the current is as 
strong as ever. * „ • 

The very act of lifting*^ the copper plate Oiut of the 
acid removes the hydrogen bubbles from it for the 
time being ; and when it is replaced, the current is 
renewed, because there is no fil\n of hydrogen to 
obstruct it^s flow. 

But in a very short time the bubbles will accumu- 
late ‘on the surfar^e again, and the current will become 
weakened as before. ^ 

It is clear from this that, in order to get a con- 
tinuous nmbroken current, the ' hydrogen ^mus/: be 
constantly removed from the copjier ])late. But it is 
equally, clear that the attemi)t to do this by lifting 
the plate &$it of bhe acid ^froin time to time would in 
Itself break the current. 

% This was, the i^rablem which had to be solved before 
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the^voltauj cell could be of any real use, and in our 
next lesson we shall learn how the difficulty was 
overcome. 


►Nummary qv the Lesson 

L vessel ill wliit^ two* dissimilar metals are placed inm 
or the piirjjose of generating electric force is called a (Jell, 
llectricity produced in this way is known as voltaic 
eJectricity. > 

3. The cell itself is usually called a sini])le voltaic cell. 

4. In a cell the zinc is the pbsitiv(‘, tluf coj)per the negative 
])lat(*. 

5. The ])oint of conta<*.t between the coj)per plate and the 

wire is the jjositive pole. • 

0. The- poirit of contact between the zinc, plate .and the wire* 
is tlu‘, negative ])ole. 

7. The zinc ])late is amalgamated to jnevent the too vajihl 
waste of the luetaL * 


Lesson LXII 

Cells and Batteries 

• o 

^promised to explain to you how the accumulatiom 
of those liydrogeH bubbles on the negative pkte .is 
prevented. Let iiirdo so now. ^ * 

I liave here another kiiul of c^ll, altogptlier dffierent 
from the simple cell, with which you itre already 
familiar. It is known as the Daniell cell, and consists, 
as you see, of two distinct cells, one within the other. 

The outer one is a round copper pot or cauf^with a 
little shelf near the top. The innen one is a porous 
pot of, unglazed earthenware, and in this porous pot* 
stands a rod of amalgamated zinc. , . « 
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You must remember that in this contrivance^ the 
zinc rod is the positive plate, and the copper pot itself 
the negative plate. 

I fill the inner porous cell with cool (Mlute sulphuric 
acid, which is thus in contact with tlie zinc rod stand- 
^g in the midst of it. . • V 

I then place Some of these crystals of bluestone om 
the little shelf in the outer 
cell, and fill up the cell 
itself with a strong solution 
of the same crystals. 

By the by, the chemical 
name for these crystals is 
copper sulphate. They con- 
sist of copper, sulphur, and 
oxygen^ and the chemist 
writes them shortly CuSO^. 

‘ Well now, w /3 have our 
cell prepared witk positive 
and negative plates and two 
distinct fluids, and yet there is no action — up current. 
What remains to be- done ? 

. Yes, you are right ; we must connect th# two 
plates** with a conducting wirfc. Therefore, with the 
help' of bindingf. screws, I will lit one end of this 
coppei^wire t9 the zige rod, and the'other end to the 
edge 0^ tlfe copper pot. Then if we test with the 
magnetic needle, we get clear evidence that an electric 
current is flowing along the wire. 

But^we will leave the current for the present, and 
endeavou#to find lout what is going on in the cell itself. 

* Chemical action commences, of course, at tlje zinc 
rod in the inner cell, where as usual the zinc is acted 




CELLS AND BATTERIES 


upon by J;lie sulphuric acid, anc sulphate is formed, 
^and hydrogen is set free. * 

The usual decomposition and recomposition of jbhe 
molecules,of sulphuric acid go on tlirougli tlie liquid, 
till at last (|Jie liberated Jiydrogen reachls the wail of 
_ the porous cell, wjiere it comes iii!o contact with the 
, copper sulphate (CuSO;). * 

You remember that the newly liberated hydrogen 
is very active in its properties, and in consequence” of 
this It breaks up the copper sulphate^ turning out the 



copper, and iiiyting with the other group »f the 
sulphate (SO^) to j^irm sulphuric ac^d (H.,SO ), which 
returns to the infler cell. * " \ 

In this way the hydrogen ‘disappears as sdon as it 
is h iterated, ‘so that it never reaches the copper plate, 
and at the same time the acid in the inner cell is kept 
at a constant strength. 

Each molecule of copper which, is turned* out by 
the hydrogen combines with the SO^ of the nearest 
molecule of copper sulphate, and so decom_position and 




.v'Uj. « 
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recomposition go on in -the outer cell, as wel^ as in, the 
inner one, the copper being at last deposited on the 
copper wall of the outer cell, where it can do no harm. 

It now only remains to explain tfee purpose of 
thoie crystals of copper sulphate on the ^helf. It is 
very clear that, afl tlie tinui, thisi clieinical action is 
going on, the ccf^Dper sulphate solution in the outer, 
cell is being constantly weakened. 

In the first place, the hydrogen at the porous cell 
robs it of its SQ^, and in addition to this, its other 
constituent, copper, is being deposited on the wall of 
tlie copper pot. 



Yon remember, of course, that the solution' itself 
and the crystals omthe shelf are in contact, and the 
result is that the liquid is constantly dissolving the 
crysta!s,so that the two-fold lossns beiiigconstantlymade 
good, and the soVition is kept at tke proper strength. 

I might point out in passing that tliis is only one 
form of a two-fluid voltaic cell. There are others ; but 
the object in all of them is to get rid of the hydrjogen 
as quickly as it is formed. 

It is usual, in order to increase the strength of the 
current, to group ^^wo or more cells together by means 
bf conducting wires, and such an arrangement is known 
as a voltaic battery. 
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The earliest form of battery, was devised by Volta 
himself, and he named it his C^own of Cups. It con- 



sisted of a number of glass vessels arranged in a circle, 
with a zinc and a copper iplate in each, the copper of 
•the first connected by wire with the zinc of the second, 
and so <m round the circle. 



The series of simple cells thus connected produced 
a strong current for a time, but as the hydrogen 
accumulated the current gradually weakened. 

S. R. VII 
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Three or four Daniell cells, similar to the one we 
have been doling with, make a very useful batfery; 
but the cells are connected in two different ways. * 

In the compound circuit, the rim of ^the copper pot 
(tb^ positive' pole) of tlie first is conltiected with the 
top of the zinc rofffthe negative pt^le) of tfie second, the 
copper of the seo(5nd to the zinc ’of the third, and so on! 

In the simple circuit, the battery is fitted up by 
connecting all the zincs together and all the coppers * 
together. 

r 

Summary of the Lesson 

1. '’ Tlie ()l)jei;t of the hvo-fluid cell is to get I'id of the 
hydrogen before it has time to reach the negative plate. 

2. In the Daniell cell this is acconiplislied l)y the cjopper-^ 
sulphate solution in the outer cell. 

3. The liberated hydrogen breaks up the coppei* sul]>hate 
(CiiSOj into On and uniting witluthe. SO^ to foj-m HoSO^ 
and setting the copper five. 

4. This constairt u'eakening 'of th^^ solution is constantJ[y 
made good by the dissolving aystals on the shelf. 

5. In all two-Hiiid cells the one object is to get rid of the 

hydrogen. ^ 

6. Two or more cells grouped together l)y (ioudpcling wires 

form a Voltaic Battery. * 

7. The earliest form of battery was devisetl by Volt^, and 
was called a cron n of cli]»s. 

r 8. The cells of a battery may be conliAted in n Kimi)le or 
compound circuit, f 


Lesson LXIII 

The Battery at Work 

r ^ 

Now that we know the nature of our voltaic battery, 
rit will be well to set it to work, and find out what it 
^is capable of doing. 
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For oiir first experiment shall require a battery 
of Cwo Daniell cells, fitted uf and connected in the 
tisual way. ^ 

Then, in ajjdition to the battery, I have here in the 
retort stand a ftind of vessel made for thS purpose out 
of an ordinary glasjf funnel. Part bf the stem of the 
•funnel has been sawn off, and the rdS^t has been filld& 
*up with plaster of Paris, so as to convert the funnel 

* itself into a sort of bowl. 

Through the plaster of P,aris two copper wires pass, 
and these wires thus embedded are insulated, because 
plaster of l*aris is a non-conductor. 

The lower ends of the wires are left free, to be*«on- 

I nected with the poles of the battery, but to the upper 
end of each a small strip of ])latinum foil has been 
soldered, and the two platinums are so arranged that 
they stand parallel to each other in the centre of the 
bowl, but without touching. 

* Then lastly I may point -out that, as the vessel is 
intended to liold water, the plaster has been coated 
with aJayer of melted paraffin wax, to make it water- 
tight. • • 

T^e contrivance so arranged is called a voltameter : 
let us see how it is usecj. ^ 

• We fill the t>owl itself about th^ee parts fulj bf 
water, which lia»*beeii slightly acidulated bj the 
addition of two or three dropb bf sulphuijc Acid, to 
make it a hotter conductor. 

Tfie nesilkstep is to fill two small test-tubes of 
equal size with the same acidulated water, and invert 
them bel6w the surface, one over each platinum.* 

^ Nothing then remains but to connect up the ends# 
of the Wires with the two poles of the battery, so that 
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one platinum is in connection with the positive, the 
other with the negative^ pole. 

immediately that is done the current starts, and 
we see bubbles rising up each tube, ^nd _ displacing 
some of the ^ater at the top., 

While this is going on let ivp explain that the 
platinum plates' are called electrodes, from a word 
which means a path or a way. They are attached 



to the wires to form broader paths for the ejectric 

currept to enter the liquid. 

# One, as you observe, is connected 'with the positive 
pole of the battery, and that is called the positive 
electroae. . The other, which is in similar connection 
with the negative pole, is the negative electrode. 

1 need scarcely point out that the bubbles, which 
are rising up each tube from the platinum electrode 
below,* are bubbles of gas. 

u You pan see for yourselves, .too, that as the gas 
rises the water sinks in both tubes ; but you also 
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observe tfiat the volume of g&s in the tube over the 
liegative electrode is double that in the other tube.* 
When ^you® are tired of watching these bubbles, we 
will endeavouf to learn, something about the ga» in 
each tube. * 

Let us begin by removing the tu'Sfe from the nega- 
*tive electrode. As I do so the water runs out of the 
tube, and when I thrust this lighted splinter of wood 
into it, the gas itself takes fire, and burns with a pale 
blue flame, while the flame of the splinter itself is 
extinguished. 

^ • 

Yes, I see you are eager to tell me all about it. ^ 

[ The gas wliicli collected in this tube was hydrogen, 
for no other gas takes fire, and burns with a blue flame, 
as that does. • 

We will now relnove the other tube in the same 
way, and as the water ri¥is out, I will plunge into it 
a red^iot splinter of wood. • In this case, you see, the 
red-hot spark bursts into a brilliant glow, but the gas 
itself does not take fire ; and you at once know that 
this must'be oxygen, for no other ^s acts in that way. 

Hence it is clear that hydrogen has been collectQjl 
at one electrode and oxygen at the other. . 

The electric current has been bus}^ breaking up tlie 
water into its constituent gases, attracting hydrogen to 
the negative, and oxygen to the positive ele^Jtrdde. 

Water, yon know, consists of two parts ^ hydrogen 
and one part oxygen, and you saw for yourselves that 
the volume of gas collected over the negative electrode 
was actually double that collected over the positive 
electrode. 

This method of decomposing watei> into its two^ 
constituent gases by means of an Electric* current is 
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known as electrolysis, and the vessel in which it t^es 
plt^^e is called an electrolytic cell. 

The latter part of the name comes Sron^ the word 
lysis, which means a loosenijig or separs^irig, and as 
this separating is effected by an ^lectric current the 
process is known^'as electrolysis. 

But the electric current is able to decompose other 
things besides water. Indeed, 1 will at once proceed 
to give you a brief description of two very important 
processes whicli are carried on by electrolysis. 

'No doubt you have all seen printers’ type, and you 
^ know how the printer sets up the letters, side by side, 
and line upon line, to form a great sheet of printed ' 
matter. 

Priifbing is rarely done from the type itself, however, 
because the type-letters are wanted for further use, 
and in order to release thenioa metal copy^is made of 
the whole sheet, or block, after it has been set up. 
The metal copy is used for printing purposes, and the 
individual type-letters are thus set free. 

Let me explain thow this metal ‘copy is m*ade. 

, The first step is to get a gutta-percha mould qf the 
block, by pressure. Then this mould is hung in a 
ves»3l contain ir\g copper sulphafe, and a plate of 
copper is also suspended' in the same liquid. The 
two arfe then connected with the wires of a battery, 
the copper plate thus becoming the positive electrode, 
the mould itself the negative electrode. 

The rest is easy. The current from the battery 
decomjposes the copper sulphate, and deposits its copper 
mn the negative electrode, that is, on the surface of the 
^mould. Thenr, too, as the solution is weakenecT by the 
removal of this ‘copper, the liberated SO^ group is 
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attracted lo the copper plate •which is the positive 
electrode, and robs that plate of some of. its copper to 
make fresh copper sulphate, because it cannot exist 
alone. 

In this way tlie strength of thfi copper sulphate 
eolution is kept up, Although the cur?^nt is constantlf 
Vobbing it of copper, which it deposits on the mould, 
where it forms an exact copy of the original type. 

Electroplating, another very useful art, is simply 
the result of electrolysis. 13y this pAcess copper and 



other common metals can be coated with gold or silver, 
and ttiey are then said to be plated. 

The process Ts ' similar to that (jf electrotypjng. 
Let us suppose that? some article is to be plated with 
silver. In that case a vessel,* (^bmiiion^y' calted the 
electric bathj, is filled with a liquid which contains 
silvei‘*in solution. 

Tlie article to be plated is hung in this electric 
bath, and becomes the negative electrode, while » plate 
of silver is also hung in the same liqflid, and forms the 
positive* electrode. 

The current from the battery, as before, ’decompose^ 
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the liqnid, and deposits ^he silver from it on Ibhe sufface 
of^ the metaL article. While that is going on, thh 
constant weakening of the solution byjihe removal of 
thi^ silver iS being constantly made Up by an equal 
amount of silver, dissolved from t^e plate* which forms 
the positive eleocrode. 

Summary of the Lesson 

1. The decomjjosition of -water by means of an electric 
current is called electi-olysis. 

2. The vessel in which it goes on is called the electrolytic 
cell ‘ 

3. The two platinum plates are called electrodes, because they ^ 
form broader paths for the electric current to enter the liquids 

4. One electrode is connected with the positive 2 )ole of the 
battery, ^the other with the negative pole. 

5. Hydrogen collects at the negative electrode ; oxygeii at 
the positive electrode. 

6. Electrotyping and electroJ)lating are botli, accomplisli|!d 
by electrolysis. 


^ Lesson LXlV 

More Work avith-.the.IJattery 

I jieed not remind you- of the use which is made of 
electrifcit}^ for lighfing purposes, for every one is 
familiar nowadays with electric light, ^t is no part 
of our business liere to inquire into the various forms 
of electric light. We will therefore content ourselves 
with •a few words about the construction and working 
<. of the ordinary incandescent lamps, which are now so 
^ common ever^^wliere. 

. If the ends of the copper wires from the two poles 
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offi battery are connected w^h an inch or so of very 
•fine platinum wire, the current immediately begins to 
flow, and the platinum gets very hot. Indeed, If a 
suflicientfy ste’ong current is produced, • the platinum 
becomes firSt red-hot arid then white-hot, and in the 
latter state it gifes out a white .^Jight of dazzling 
brightness. 

The knowledge of this fact led to the construction 
of those incandescent lamps, although carbon is now 
used in preference to platinum, becfsuse platinum wire 
i6 liable to fuse with a very strong current. 

The lamp itself is a closely-sealed glass bulb^ from 
which the air has been exhausted, 
and it contains a loop of carbon, 
which is connected with the wires 
of a battery. * 

The current passing along the 
•wires maizes the carbon loop intensely 
hot, anS in that* state it sends out 
a brilliant white light, but it cannot 
burn away, because there is no air, 
and of course no oxygen, in the bulb. 

Ve will now finish up with an experiment, wliich 
1 think will be* a* ^reilt surprise to you. ^ 

I have here .i? bar of^ ordinary Von which 1 will 
roll up in a sheet of paper. ^Tiiat dons, I wijl wind a 
coil of insidated copper wire round it in^the form of 
a sf)iral from one end to the other, and then connect 
the two free ends of the wire with the two poles of 
the battery. 

As soon as the connection is iftade, the current of 
course starts. 

Now observe what happens when I dip either efid 
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of the bar into this hea|) of iron filings. The filifigs 
cling in a cluster at each end. • 

You observe too that, if I present this end of the 
bar Jio each pale of the magnetic needle^an succession, 



it attracts one and repels the other ; and if I repeat 
the test with the opposite end the result is the same — 
it attracts one pole and repels^ the other. 

The bar, you see, is ngw a magnet ; ilf has beeii^ 



made a magnet by the electric current, and we there- 
fore call^4t an electro-magnet. 

But I will remcive it from the wire coil now, and . 
test it again in the same way, and you observe tl*at all 
tftice of its magnetic force is gone. 
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It is \io longer a magnet: it was a temporary 
magnet only while under the inducing influence of 
the electric current. * 

In our lessons on magnetism we noticed some^ of 
the ways in which magnets are made; hut electro- 
magnets are alwa^l employed for niaking large pea?- 
‘manent magnets. 

Bars of steel, not soft iron, however, are used for 
this purpose, and they are drawn across the pole of a 
powerful electro-magnet. » 

Electro-magnets are of immense importance in the 
arts, for tlie electric bell, the electric telegraphy ^and 
the telephone are all worked throngli their agency. 


Summary of the Lesson 

1. A very strong electric, cuT'ivnt jvaises cai’boii or fine 
platiinini wite to a wliite hcfft. 

2. If Jlie carbon oi* platinuiif Avire is placed in a vacuum it 
gives out an intensely bright light, but cannot burn away be- 
cause o^‘ the absenct* of oxygen. 

3. A ]mr of iron under the inducing influence of an electric 
curr(‘nt beconn‘s a temporary magnet. • 

4? We call it an electro-magnet. ^ 
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MACMILLAN’S MENTAL ARITHMETIC. 

With Answers. 

Standards J , n.^ fid. Standards UI., IV. fid. Standards V., VI. fid. 

Standards I. to VI. separately. Without Answers. 2d. each. 

MACMILLAN’S PICTURE ARITHMETIC. 

Book!., fid. Book II., fid. Book HI., fid. Answers to Bao/ks /.-/T/,, AA. 

METRIC ARITf.METIC. # 

With Copious Examples and Answers. 

. By Richakd Wiison, B.A. (I^kdiiU.). Globe 8vo, sewed, fidf 

ARITHMETIC FOR THE STANDARDS. 

Scheme A. By Rev. J. B. Lock, M.A., and Geo. Coj.lar, B.A., Bfidc. 

Part I., 2d. Part n., fid. Part m., fid. Part IV., 2d. Part V., fid. 

Part VI., 4d. Part Vn., fid. • 

Answers to Parts / teVy., 3d. each; Paris P. to PI/., 4d, each. 

ARITHMETICAL TEST CARDS, SCHEME A. 

* Standards II. -VH., Is. fid. each. 

^ . • Arithmetic for prt^MOTtoN. 

•Soheme B. By l^v. J B. Lock, M.A., and^. F. Macdonald. 

Part L, fid. Part ir 3d. Part III., fid. Part FT,, fid. Part V., fid. 

. Part VI., 4d. Fart VII., fid. • 

Ans^yers to Pg^ris /. to 11%, 31. each; Parts V. to I’ll., 4d. each. 

ARITHMETICAL TEST CARDS FOR ARITHMETIC FOR PROMOTION. 

Soheme B. By R, F. Macdonald. * 

Standards III.-V1I .is. fid. each. 

MACMILLAN’S MONTHLY TEST BOOKS IN ARITHMETIC. 

Scheme B. By R. F. Macdonald. 

Partly fid. Partn.,M. Part m., fid. Part IV., 3d. Part V., fid. 

• Part VI., fid. Part vn., fid. Answers, each* 

MACMiLLAN’S ARITHMETIC FOR IRISH ELEMENTARY SCHOOLS. . 

• By W. H. Adair. 

Parts I. and n., IC. and IV., 2d. each. V., VI., and VII., fid. each. 

MACMILLAN* &'CO., Ltd., ST. MARTIN’S ST., LONDON, W.C 
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RTKOHn^l^N AND CO.S SUBL^CATION& 

ALGEBRA EOR ELEMENTARY SCHOOL^ 

By H.\. Hall and Wood. 

^ Parts /.f II. y and ///.» 6d. each. Clot^ 8(1. each. Ansvuerst 4d* each. 

MENSURATION FOR. BEGINNERS. 

With the Rudiments of Oeometrloal Drawli^. By F. H. Stevens, M.A. is. ed 

ENGLISI^RAMMAR FOR ELEMENTARY SCHOOLS. 

• ByJ.C. ^ESFIELU, M.A^ 

Book!. 3d. Bookn. 4d.« Bookm. 5d. Book IV. 6d 

WORD-li^lLDING AND COMFmiTION. ^ 

By Robert S. Wood. 


Book I. . 

2d. 

Book V. 

. c 6d. 

Book II. . 

2d. 

Book VI. 

. 6d. 

Book m. . 

3d. 

Book VII. 

. IB. 

Book IV. . 

3d. 

• 


Complete in 1 vol. 

Cloth, Is. 

Complete Jn 1 voL 

Cloth, 28. 


THE TEACHERS’ MANUAL OF COMPOSITION. ^ 

By Robert S. Wood 

Vol. I. Junior.— For Infants and Standards I. and U. is. 6d. 

Vol. II. Intermediate. —For Standards HI. and IV. Is. 6d. \ 

dTol. III. Senior.— For Standards V., VI., and VII. Is. 6d. / preparation. 


SIX LARGE CHARTS W COLOURS FOR THE CLASyEACHINQ OF 
COMPOSITION. 

fi) Sentence Structure and Anatomy (Diagiam) — Synoptic and Analytic. 

(2) A Writer’s Guide and Danger Sign.' (' V in n ..iVi".:: F\f:<-.>es. 

(3) Common Faults in Composition — 1 .. ( .1 iv'. Prevention 

-(4) How to oraAly describe Common Objects for Juniors. 

^(5) Letter- Writing Guide — General and Obmmercial Correspondence. 

(6) Use of Capitals, Stops, and Maiks in Writing. 

Price 3s. each, Mounted £md Varnished. The Six on Boiler to turn over, 138. 
E. J. AKNOLD AND SON, PUBLISHERS, LEEDS. 


A TEXT sdOK OF NEEBLEWORK, KNITTING, AND CUTTING OUT, 
WITH METHODS OF TEACHING. 

- By Elizabeth Roslvear, Training College, Stockwell. With Illustrations.* 
F^rth Edition. Crown 8vo. 4 s. 6d. 


NEEDLEWORK, KNITTINl^ aTTD CUTTING OUf FOB OLDER dlRLS. 

By Ei^abeth Ro^vear. Globe 8vo. 

Standard V. . . ^d. 

Standards VI., VIL, smd Ex- VII. . ’1 b. ^ 


VARIED OCCUPATIONS IN WEAVING, AND CANE AND STRAW WORK. 

^By LduisA Walker. With Illustrations. Crown 8vo. 38. 6d. 


VARIED OCCUPATIONS IN STRING VVORK, 

Comprising Knotting, Netting, Looping, Plaiting, and Macrame. 

* ^ By Louisa Walker. Illustrated. Crown 8vo. 3 b. 6d. 

MACMILLAN & CO., Ltd., ST. MARTIN’S ST., iJoNDON, W.p. 
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llACMILI^N 4ND fe'S PUBLICATIONS. 

• THE TEACHERS^ WORIUBOOK ; 
llillAbiu of Instxtiotloii and Examination ^ Prog^llaB and Mark Book; and Hoad 
TeaohOrB* Report Book. Arrang^i by A. Flavsll and G. H. I^binson. Fcap. 
> folia ll.6d. • ^ 

^ THE INFANT SCHOOL TEACHERS* WORK-BOOK; ^ 

Sjllal^aB of Instruction aniVEzaniinktion ; Progress and Mark Book ; and Head 
Teaohers* Report Book. Arrang«^l by A. Flavkll and G. H. Robinson. Fcap. 
** folio, is. Gd. ' • ^ 

'' MA^MaLAN'S AfTENQANOE REQI^i^. 

For the Latent Reqidremen|s of the Code. Is. 6d. 

W VACMILLAN’S R(iGISTER OF A^MISSNlN, PROGRESS, AND 
WITHDRAWAL 8b. Gd. 

^MMARY OF ATTENDANCES FOR FIVE YEARS. 

Arranged for a Mixed or an Infants’ Department. 8a 6d. A i ranged for a Boys’ or Girls* 
Department. 38. 6d. Arranged for an Infants’ Department. 38. 6d. 

MACMILUA:8 “THREE TERM” GLASS RECORD BOOK. Is. 
MAClfHLLAN’S CLASS TIME-TABLE. 

"“'Arranged by A. Flavell and G. H. Robinson. 6d. 

MACMILLAN’S SCHOOL TIME-TABLE. 

^ Arranged by A. Flav£ll and G. H. Robinson. Mounted, 2s. Paper, la 

THE CLASS TEACHERS’ JOURNAL 

Arranged by G. H. Robinson and H. M. Cohen. Fcap. folio. 18 . 9d. 

‘MA^IUAN’S “OFFICIAL” DRAWING BOOKS. 

Hob. I.'XX. Price Threepence each. 

BLACKBOARD DRAWING. 

By M. SwANNELL. R'*j'al 4 to. 6(L • 

THE FIRST ELEMENTS OF SCIENCE. - 

Arranged as Observation Lessons, and correlated with Drawing. By George Ricks, B..Sc. 
Illustrated by Arthur Wilkinson. In three parts. Medium 410. IS^^Gd. e&oh. 

MACMILLAN’S ART STUDIES OF ANIMALS, PLANTS, COMMON OBJECTS 
AND CONYENTPNAL FORMS. 8vG. Sewed. 6d. 

. A GRADUATED COURSE OF DRAWING FOR INFANTS.^ 

Py Constance H. Fowler. , Royal 4 to. 4s. 6d. * 

C MACMIL^N’S BRUSH WQ^tK Cdpf’-BOOKS. 

A Graduated Scheme of Lessons Designed and Arranged by A. R. Cartwright and 
F. C. Proittok. Nos. L to IV.,. 4dj each. NoftV^V. and VI., 5d. each. • 

Macmillan's brush work cards. 

Being advanced Drawing Copies of Animals and Birds illustrating expression of Mass 
and Foirn with the Brush. Selected and arranged by Proctor. 

Series A. Anim^. Series B. Birds. 2s. each. , ^ 


MACMILLAN’S FREE BRUSH DESIGN DRAWING CARDS. 

By Francis JV. Wallis. In Three Sets. Jnnloi^ Intermediate, and Senior. 28. each. 

NATUfE STUDY DRAWING CARDS. 

' By Isaac J. Williams. Eig^t Subjeots (20 alike in each box). 68. each. " 
P^^et 8 jp< 9 taliiliig Eight assorted Cards. 26. 6d. each. 

MACMILLAN CO., Ltd., ST. MARTIN’S ST., LONDON. W.C. 






